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One purpose of this study was to investigate a clutter-

energy invariant target detection algorithm. A secondary

purpose was to develop a base of image processing software

for the AFIT Digital Signal Processing Laboratory NOVA-

ECLIPSE minicomputer system, for use by future thesis

students.
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ABSTRACT

This work focuses on a method for two-dimensional pattern recognition.

The method includes a global search scheme for candidate windows of interest,

based on Fourier domain cross-correlation. A method to normalize the input

scene by local rectangular regions, in an attempt to efficiently approximate

search window normalization, is presented. Also developed is a candidate

window (potential target) similarity measure, based on the normalized Li and

Euclidean distances, which is independent of the template DC value and its

energy. Observations on the performance of the algorithm applied to visual

spectrum photographs of tanks in a realistic environment are included. Also

included is the software needed to implement the algorithm on a Data General

Eclipse S/250 minicomputer.

xi



SCENE ANALYSIS: NON-LINEAR SPATIAL

FILTERING FOR AUTOMATIC TARGET DETECTION

I. INTRODUCTION

GENERAL

Target detection is the area of pattern recognition

concerned with locating a given class of objects embedded

within a background scene. The distinction to be made is

whether the object in question belongs in the target class or

in the non-target class. The challenge of this type of auto-

matic analysis of complex visual data by machine has proven

to be surprisingly difficult. The problem remains largely

unsolved despite considerable research effort [1: 28].

JUSTIFICATION

Automated systems capable of identifying objects in a

cluttered background, irrespective of size, orientation,

illumination, or position would have a nearly unlimited range

of applications. The following list suggests a few of the

major areas [2: 596]:

l)Document processing: recognition of unformatted, non-

segmented, multi-font characters;

2)Industrial automation: robot assembly and inspection;

3)Military applications: analysis of reconnaissance im-

agery, enhancement of weapon delivery display systems, and

realization of the autonomous missile.

°i,



BACKGROUND

The target detection process can be broken down into

three steps as follows:

1)Determine characteristic features of the target tem-

plate that are invariant to size, orientation, energy, and

background changes;

2)Perform a global search of the cluttered input scene

for the features of step (1) and identify local "windows" of

interest (target candidates); and

3)Classify the information within the candidate windows

into one of the two disjoint classes of either targets or

non-targets.

The problems associated with this target detection pro-

cess are numerous. One problem is in analytically describing

the quintessence of a class of objects, given the physical

characteristics of only a finite number of template objects.

Once a suitable set of target characteristics (or features)

is selected, the isolation of those features from aA

background scene which may posess some of the same features

as the target may be impossible. For these and other

reasons, no general solution exists to detect objects

embedded in "real-life" cluttered scenes.

Previous studies performed in this area at the Air Force

Institute of Technology have shown promising, although

limited, results. One of these studies is a thesis by

2



Israeli Air Force Major Moshe Horev, "Picture Correlation

Model for Automatic Machine Recognition" [3]. In it, Horev

describes a series of transformations performed in the

Fourier domain to determine the size and orientation of

targets within a cluttered scene. He then suggests to

perform a non-linear (and, hence potentially unpredictable)

operation of combining the modified phase of the scene with

the magnitude of the template in hopes of enhancing the

target objects; this procedure is known as the "Phase of

the Image, Magnitude of the Template" (PIMT) process. An

immediate observation is that the success of the process may

be both scene and template dependent. The PIMT process has

debatable merit, but the existence of a scale-rotation

transformation does suggest an area for further research.

With the premise that the size and orientation of a candidate

target within a scene is known or can be determined, can a

process be developed to then locate and accurately classify

the target?

PROBLEM/SCOPE

This study includes:

l)The initial development of a target detection

*algorithm that is invariant to background scene composition

or energy;

2)The implementation on a digital minicomputer of the

software routines needed to process the input imagery,

r- perform global scene searches through high-speed correlation,

q q3



- . and discriminate local candidate windows by using LI and L2

distance metrics; and

3)The preliminary test results. A complete statistical

performance analysis of the process was not conducted due to

time constraints. Suggestions for improving the performance

of the process are included.

ASSUMPTIONS

The following assumptions were made concerning the input

test scenes:

l)The size and orientation of targets in a scene is

known, or can be determined by existing methods, three of

which are diffraction pattern sampling, cross-correlation

7-" with a bank of scaled and rotated templates, or by performing

a scale-rotation transformation;
2)The digitized scene images are accurate represen-

tations of the continuous scenes from which they were

obtained;

3)The digitized scene images may have been corrupted by

additive uncorrelated noise; and

4)Illumination over the continuous scene is varying

slowly.

OVERVIEW OF PRESENTATION

The next chapter discusses methods of detecting objects

in scenes through the classic technique of template matching.

Distance factors based on the Li and L2 distance metrics are

4
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derived; these factors will be used to classify candidate

windows, or potential targets.

Chapter three briefly discusses the discrete Fourier

transform and some of its properties. A method for

performing high-speed correlation by multiplication in the

Fourier domain is given; cross-correlation will be used in

*the detection process to perform searches for potential

targets in the input scene.

In chapter four a scene normalization scheme is

presented. The normalization is necessary to improve the

ability of the cross-correlation to locate candidate

targets.

The software needed to implement the detection process

is described in chapter five. The source code has been

included in the appendix.

In chapter six, some observations of detection process

are made. Explanations are given for the weaknesses of the

algorithm, and suggestions for improving the performance are

discussed.

5



II. TEMPLATE MATCHING

Often in scene analysis problems a simple question is to

be answered: Does the input scene contain a previously

specified object? A technique classically employed to

determine the presence of an object is the fundamental method

Sof template matching, in which the template brightness

function is compared point-by-point with the scene brightness

function. In most cases, a perfect template match will not

be found, so some realistic distance measure D(m,n) indi-

cating the degree of similarity between the template window

and the scene needs to be computed for all possible points in

the scene.

Li and L2 DISTANCE MEASURES

Let the array (or vector) t(x,y) represent in some sense

the template pattern, and let the array s(x,y) represent the

scene to be searched. For our purposes of discussion, it is

immaterial how the arrays are obtained, whether from digi-

tizing (sampling and quantizing) the continuous brightness

distributions, infrared distributions, or some function of

these distributions (for example only the low-frequency

Fourier components). Two common definitions of distance

measures used are given by equations (1) and (3) [4: 279].

Dl(m,n) 1: E s(x,y) - t(x-m,y-n)l (1)

X y

2
- [s(x,y) - t(x-m,y-n)] (2)

6



2
D2(m,n) [ s(xty) -t(x-m,y-n)] (3)

x y

* -for all x,y such that (x-m,y-n) is within the area of

overlap of the scene and template windows (0 < m < m+J,

0 < n < N+K for a JxK template and an MxN search area). See

* Figure 1 for an illustration of the labelling convention

* used. Note that m and n represent a specific translation

between s(xly) and t(x,y).

1 (0. ~ template window

t"~~ ~ -- scene earch ae

* u~~earch window E%'

d; sat" of comparison

F LOE I- UEARCH WINDOW LA@ELL INS 9C9OIV FOR
* COPPUlATION OF DISTANCE MEASURE DIm.n.)

7
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The definitions for Dl(m,n) and D2(m,n) are known as the

metrics based on the Li and L2 norms respectively. The

D2(m,n) measure is also known as the standard Euclidean

distance between two vectors, that is

T AD2(m,n) = (S - t) (s - t) (4)

t (xl-myl-n)

where = t(x2-my2-n)

t (xn-m,yn-n)

NORMALI Z ED CROSS-CORRELATION

Insight can be gained from equation (3) by expanding it

as follows:

2 [s2

D2(m,n)= [? s (xy) - 2s(xy)t(x-m,y-n)
x * yL

21
+ t (x-m,y-n) (5)• Equivalently, -

D2(m,n) = E s 2(x,y) - s(xy)t(x-mty-n)

X* y x y
2

+ 't (x-m,y-n) (6)
x y

Let Es, Et, and Rst be defined as follows:

E s(m n)-A ays, (x, y) (7)

S* Et , t 2
xy

Et(mn) t (x-m,y-n) (8)
x y

8
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x y

(There is no restriction on the range of x and y in equations

(8) and (9) as the template function is considered to be zero

outside the area of interest.)

The term Es(mn) represents the scene energy (or

equivalently the vector length) of the search window, which

will vary cver the search area. The term Et(m,n) represents

the template energy, which is constant for all values of m

and n. The term Rst(m,n) is the cross-correlation between

the scene and t template, and generally is largest when

the distance D2(m,n) i- smallest. The cross-correlation term

is not an absolute measure of the template difference,

? however, since the scene window energy Es(mn) is position

variant. For this reason, Rst(m,n) is normalized to achieve

invariance to input energy [5: 553]. The normalized cross-

correlation, denoted by Nst(m,n), is defined as follows:

a Rst (m,n)

Nst(m,n) = (10)
:','i Et (mrn) IES (ren)

where the usual restriction is placed on x and y for the

computation of the scene energy term.

The significance of this normalization can be realized

: by appealing to the Schwarz inequality [6: 159]. The Schwarz

9
•_z-
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inequality is stated as follows:

For two real functions f(x) and g(x) defined on a<x<b,

'f(x)g(x) < [f(x) 1 (11)

with equality when f(x)=kg(x), where k is a constant scale

factor. As applied to the cross-correlation terms,

;] X Eslx,y) t(x-m,y-n) <_

xy

J[, Es 2 (x,y)] [E E t2 (x-m,y-n)] (12)
x * y x y

or, by rearranging terms

Nst(m,n) ( 1 (13)

with equality only when the scene area under consideration

exactly matches the template. Thus the normalized cross-

correlation can be used as a decision criterion regardless

of the distribution of the non-normalized scene energy,

assuming that the scene energy can be recomputed for each

shift of the search window. A simple decision rule would

classify the scene window information into the target class

only when Nst exceeded some preset upper threshold value,

into the non-target class when Nst was below a lower

threshold, and would not make a decision when Nst was between

the thresholds.

With the constraint that the scene and template can take

on only non-negative values, a lower bound for the threshold

value is zero. Fortunately, a tighter bound closer to unity

10
* . .4 -
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- .can be determined for cross-correlations with scenes of
interest (ones that approach the template in form). Consider
a scene of constant value c, c>0. Then the cross-correlation

value may be determined by applying equations (7) through

(10) :

2ES : c (14)
x y

2
Es = c JK (15)

C F E t(x-m,y-n)
.. x y

[Nstls=c] = (16)

X t(x-m,y-n)
x y

NstIc = - -- (17)

with J = width of search window
K = length of search window

* . Note that the normalized cross-correlation between the tem-

plate and a scene of constant non-zero value, Nst c, is
independent of the scene value. Scene windows which yield a
Nst less than Nstlc need not be considered for further

discrimination.

NORMALIZED Ll and L2 DISTANCES

Two other distance measures which take into account the
array energies are the normalized Ll and L2 distance

measures, defined in Eqs. (18) and (19).

,.&' . tJ.- •r=.- . . : . -. .. - * -. 
* ' . - . . - . . . . ....... . .

L'J ' ".%.,'% "M°' . "i,",.%+. ° "" % +%-'-," 
°
- -' +'- • "- •. - -~ .".- ... . . . ..



NL1(e,n) s (x,y) t (x-m.y-n)NU ( )- - -- - - - - - - (18)S SLIE TLIE

t(x-m,y-n) 2
NL2(mn)------.---- --------- (19)

x \Es(m,n) Et

with

SLIE ik E (x,y) (20)

TLIE t(x-m,y-n) (21)
". x y

The normalized L2 distance can be determined more effi-

ciently by Eq. (22):

NL2(m,n) = 2 [1 - Nst(m,n)] (22)

One way of "visualizing" the normalized L2 distance is

to think of it as the Euclidean distance between the points

where the scene vector and the template vector intersect the

unit hypersphere. Thus NL2 is dependent only upon the angle
.

between the vectors, and not on the vector lengths.

The maximum normalized distances to be considered as

possibly identifying a target location will be those

corresponding to the distances computed between a template

and a scene with a constant value. These distances are given

in Table I. for typical tank template.

12



" "TABLE I. DISTANCES FROM TEMPLATE H3 TO A CONSTANT VALUED SCENE

;'HI= 45s TP OW= 90 LIENERGY- 23941=7'j.r .3 *Mr= 4 'I..M'tS LFFTrOL
= 

97 L2ENERGY
=  

178253

'-.E FLE WHITE '11

rP LEFT EUCLIDEAN NORMALIZED LI NORMALIZED NORMALIZED
"W, COL'N ) CW CCLJMN DISTANCES EUCLIDEAN DISTANCE LI CORRELATION

--------------------------------------------------------- --------- --------- -------- ------- - ------------
1,2 :44 ?0 47 641 5061 39509 .468 872

t.I' H f'.LF D -AS A :. '. J~ ALI.;E CF 1

DISTANCE FACTORS

At this point the distance factors used to classify

candidate target windows will be introduced. The corre-

"q"7 lation, Li, and L2 factors correspond to the normalized cor-

relation, LI, and L2 distances linearly scaled into a 0-100

range, with 100 corresponding to a exact match and 0

corresponding to the distance to a constant valued scene.
Consider the mappings

Nst -> 0 for Nst < Nstic

NL2 -> 0 for NL2 > NL21c (23)

NLI - 0 for NL1 > NLlIc

and

Nst = --> 100

NL2 = 0 -1 100 (24)

NLI = 0 -> 100

13



The functions to achieve these mappings are

S100[(Nst - Nstlc)/(l - Nst c)] Nst > Nstlc
CFACTOR - (25)

0 else

100[l - NL2/NL2Ic] NL2 < NL2Ic
L2FACTOR = (26)

0 else

5C 100[l - NLI/NLllc] NL < NLlIcLIFACTOR = (27)

0 else

A score is computed to take into account all three

distance measures as follows:

SCORE = (CFACTOR * L2FACTOR * LIFACTOR) (28)

Note that SCORE intentionally favors the Euclidean

measure over the Ll metric (recall that the normalized

correlation is an invertible function of the normalized

Euclidean distance). The SCORE will always be a number from

0 to 100 inclusive. The behavior of the SCORE of a template

measured against itself for various window shifts is given in

Table II.

One of the problems in determining the distance func-

tions is that they are computationally expensive, often

infeasible, because of the large size arrays required for

most applications. This is the case with many linear

14
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TABLE II. BEHAVIOR OF DISTANCE FACTORS

r. r w1''' It I1 1fl~s TnOPnw gloW-
4 rI r4 (I 'IMN ' 1.1rTCOt 97

I 'I '-,I iI rl I 1f tp A ATF 12 L I
I. l ,'. s., ,MN FAflOP rATOR FAC T R SCORE

I' 32' 1- 1 %'* i 4'? 29 417 40
I' , 1,9 .,7 AA -9 5 5P

It* in :19 22 42 K
fill0.31 5n 69 69

Il 9 00 to0 t00 100
4.H 1 l 'F 71 46 67 60

t' A1 3 O5 41 so 51
iII I r t 7 r! 7? 5 4 62 64

H I7 'I ' 4 32 47 4A

processing algorithms. Indirect computational techniques

based on unitary transforms permit more efficient lineaL

processing than conventional methods. Th , next 4;apter

introduces the Fourier transform as a linear processing tool.

15
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III. LINEAR PROCESSING

An efficient method of linear processing is through the

use of unitary transforms. A unitary transform meets the

following three conditions [5: 232]:

l)It is a linear transformation;
2)Its operation is exactly invertible; and
3)Its operating kernel satisfies certain orthogonality
conditions.

A unitary transform of particular importance in the field of

image processing is the two-dimensional Fourier transform.

In addition to its use as a linear processing tool, the

Fourier transform provides a means of extracting features

from images. For instance, the center or DC term is propor-

. tional to the average image brightness. The low-frequency

terms contain the gross form information, while the

high-frequency terms indicate the amplitude and orientation

of the edges (the detail).

TWO-DIMENSIONAL DISCRETE FOURIER TRANSFORM

Consider a two-dimensional periodic sequence

g(x,y) = g(x+qM,y+rN) (29)

where q and r are integers, and M and N are the periods in

the x and y direction. Such a sequence can be represented by

a finite sum of exponentials in the form

M-1 N-11

g(x~y) MN, G(fxfy)exp[j2 (xfx/M+yfy/N)] (30)

fx=O fy=0

16



.. where

G(fxfy) . '(xy)exp[-j2-"(xfx/M+yfy/N)] (31)
x y

and j=%T-.

Note that G(fxfy) will have the same periodicity as the

sequence (x,y). If a finite area sequence g(x,y) is con-

sidered to be one period of (x,y), and G(fxfy) is taken to

be one period of G(fxfy), then g(x,y) and G(fx,fy) will form

a discrete Fourier transform pair. In equation form [7:

1171,

x G(fx,fy)exp[j2%(xfx/M+yfy/N)] O x M-li g(x,y) = MN 0 y! N-I(32)
0, otherwise

Gg(x,y)exp[-j27t(xfx/M+yfy/N)] Offx M-I
G(fx,fy) = -O~fyKN-1

1 (33)
-,0 otherwise

The notation to be used to indicate a Fourier Transform pair

is

"g (x ,y) 4--- G (f x, f y) (34)

Equivalently,

F{g(x,y)} = G(fx,fy) (35)

and

-1
F {G(fx,fy)} = g(x,y) (36)
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* , Having defined the Fourier transform, two theorems for

use in later developments will be stated without proof [7:

1.101.

SHIFT THEOREM

If t (x y). T (f x fy) (37)

then -t(x-m , y-n ). exp [-j2 T(mf x/M+nf y/N)]T(f x,fy)

REVERSAL THEOREM

I f t (x ,y) -T (f x, fy) ,

then t (-x, -y) .~.T*(f x, fy) ,

where T* is the complex conjugate of T. (38)

The convolution theorem suggests a method for performing

correlation in the Fourier domain. It will now be stated

with its proof, modeled after a proof for continuous signals

[4: 307].

CONVOLUTION THEOREM

For s(xpy) -. S(fx,fy) and t(x,y) .- T(fxffy) ,

Ffs(x,y)*t(x,y)) S(fx,fy)T(fx,fy) (39)

Proof:

By definition,

F{ F, s(x,y)t(m-x,n-y)l (40)
x y

s s(x, y) t(m-x, n-y) Jexp-j 2 'K (mf x/M+nf y/N)]
m n x y

Interchanging the summation order,

= ~ s(x,y) { t(m-x,n-y)exp[-j2 It (mfx/M+nfy/N)
x y m n

18
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;-,.

scenes, so that T*(fx,fy) needs to be computed just once and

stored.

ARRAY EXTENSION FOR LINEAR CORRELATION

Care must be taken in choosing sequence and transform

lengths. Consider the linear correlation between two N-point

sequences R(m) = s(x)t(x-m), where R(m) will have up to

2N-1 non-zero points. The indirect correlation method using

N-point discrete Fourier transforms will result in an N-point

sequence, which is the circular correlation of the input

sequences. To obtain the linear correlation, the discrete

Fourier transforms must be computed on the basis of 2N-1 or

more points, with the input sequences extended with at least

N-I zeros. In general, for s(x) of length Sl and t(x) of

length TI, the indirect linear correlation method requires

that discrete Fourier transform be computed on the basis of

at least Sl+Tl-l points.

For the two-dimensional case, the sequence arrays are

extended as follows (See Figure 3) [5: 288]:

l)Imbed the TlxT2 template image sequence in the lower

right quadrant of an all zero MlxM2 matrix;

2)Imbed the SlxS2 input scene in the upper left quadrant

of an all zero MlxM2 matrix;

3)Compute all discrete Fourier transforms on the basis

of Ml>Sl+Tl-l and M2>S2+T2-1 to avoid wrap-around error.

20
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By taking advantage of the speed gained by implementing

the indirect correlation method, the ability to normalize the

scene search window during the correlation process is lost.

This inability is a major shortcoming of the indirect
correlation method. An alternate normalization scheme must

be implemented to approximate the window-by-window

normalization method.

21
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IV. NORMALIZATION SCHEME

Consider dividing the scene to be normalized into a grid

of rectangles. A compromise between global normalization and

search window normalization would be to divide each of the

scene values within a given rectangle by some constant that

is proportional to the square root of the energy of that

rectangle. This normalization scheme may be implemented as

in Figure 4.

M

(HIV) (N.Yv (N.
1 1 2 1 1 1 1

1 2

(N.IV~ N

(H V) (HN.V)I

FIGURE 4: NORMALIZATION GRID SETUP

(Hi,Vj) -- grid rectangle in grid row j, grid column i

N -- of pixel rows

N - of pixel columns

(irjfMNN/k, and M/1 are all integers).
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Define

Eij s (x,y) (46)
x y

for (i-l)M/l + 1 < x < iM/l

and (j-l)N/k + I < y jN/k

Then for

s'(x,y) -- normalized array value

Nij -- normalization coefficient

Eij -- energy in grid rectangle (Hi,Vj)

" s' (x,y) s(x,y)/Nij (47)

where

Nij =a {~ij (48)

Some thought must be given to the size of the rectangles

chosen, for as the size is increased, the clutter energy-to-

target energy ratio is also increased (ideally this ratio

should be zero). As the size of the rectangles is decreased,

the scene begins to lose contrast as the normalized values

asymptotically approach a constant value (namely 1 when the

rectangle size is lxl). Another problem accompanying the

decrease in rectangle size is the possibility of sectoring

part of a target into separate rectangles increases; this

could have a deleterious effect on the cross-correlation

function. See Figure 5 for an illustration of a normalized

scene,

23
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I. .]..

L~4: - -----

FIGURE 5: TOP: SCENE PTANED2.
- BOTTOM: SCENE NORMALIZED WITH A 4X6 GRID.
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Consider the following two cases, shown in Figure 6, in

which a 3x6 normalization grid has been chosen.

-..-

/* --1; - " r '~

C A I

FIGURE 6: EXAMPLE OF TARGET SECTORING PROBLEM.

In case I, the target will be satisfactorily normalized

against the high energy background, allowing a successful

global search by correlation. In case II, the

clutter-to-target area is large for all grid rectangles.

The high energy areas dominate, yielding false peaks in the

correlation function.

In the next chapter, the software necessary to process

the images and test the target detetection process is

described. Also, the detection process is further discussed.

-.
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Si:"-- V. SOFTWARE DESCRIPTION

The software that was used in this study is described in

this chapter. The programs (indic;.ted by capitalized titles)

have been grouped into the following categories:

i)Image input and output;

2)Scene and template synthesis;

3) Correlation implementation;

4) Process evaluation; and

5)Support subroutines.

All source code that was generated during this thesis

effort and added to the AFIT Signal Processing Laboratory

software archives is included in the appendix. All programs

are written in Data General (DG) Fortran 5 (except for VIDEO7

and NMOVE, which are written in Fortran IV). All programs

were written by James Cromer, with the exception of PLTTRNS,

INVERSE, and DIRECT (by Ronald Schafer), and IOF, UNPACK, and

REPACK (by Robin Simmons).

IMAGE I/O

Before a digital computer can be used to analyze an

image, the image must first be converted to a form usable by

the computer. Specifically, the image must be represented in

some sense by an array of numbers. The process used to

obtain this array is known as digitization, in which some

. image parameter is sampled and quantized at points throughout

.* the scene. In this study, the achromatic brightness, or gray

26



level, is sampled in a 256 column by 256 row quadruled grid

format, and quantized into one of 16 levels (4-bit

digitization). The resulting array values are referred to as

"pixelsO, short for *picture elements."

The equipment used in the process include a standard

video monitor, a Cohu 6150 vidicon camera with 6950 camera

controls, and 3 Tecmar digitizer boards (A/D converter,

direct memory access, D/A). The Tecmar digitizer is

interfaced with a DG NOVA 2 processor via a CROMEMCO Z-80

based microcomputer. The NOVA terminal can be used to

communicate with the A/D/A converter with the Fortran

callable subroutine CHANNEL, developed in an earlier AFIT

thesis [8]. High speed processing can be performed on the

digitized images with the powerful DG ECLIPSE S/250

minicomputer. Both DG machines are 16-bit processors. See

Figure 7 for a schematic of the equipment layout.

The program which controls image input (digitization)

and output (display) through CHANNEL is VIDEO7. When running

VIDEO7 and the input option is chosen, seven digitized

versions of an input image are stored in files named "AO"

through IA6", which can be averaged together later. When the

output option is chosen, the user is given the choice to

display from one to ten files named "AO" through "A(n-l)",

where n is the number of files to be displayed. In addition

to the main purpose of checking images before averaging, n

27



-*IMAGE PROCESSING STATION FPP MID

Tektronix 46321 Data Generali
Video Hlardcopy Nova 2

Heatkit --- Minicomputer
Sony KV-1710 Temnl-~NEC Spinwriter
Video Monitor

~Vieo aveormCoh 6101 IPB ' Anadex Printer

Monitor Vidicon Camera 7 7

ICF~ FDisks'
-{Tecmar A/D/A~

C 1" OP S - 4014B
Disks :9-Track

Cromemco Z-2Di 7 Tape
Microcomputer (1983)

Data General
600Terminal-

Printonix P-300 ~ -- Data General
Printer - - - -Eclipse S/250

-- I Minicomputer
Tektronix 4010
Graphics Terminal1 Extended Memory

-- FPP AP
Tektronix 4631
Graphics Hardcopy' A//

To Audio
Graphics Station .Rack

CF -- Low Pass Filter
M/D -- High-speed Hultiply and Divide unit
FPP -- High-speed Floating Point Processor
AP -- High-speed Array Processor
IPB -- Inter-Processor Buffer
A/D/A -- Analog-to Digital and

Digital-to-Analog Converters

Figure 7: Equipment Layout of the AFIT Signal Processing Laboratory
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images of interest may be easily presented in sequence for

demonstrations by re-naming the images "AO" through "A(n-I)."

The third mode of VIDEO7 allows the user to display an

• .existing file any number of times consecutively. This mode

is used when the D/A converter malfunctions, and usually

several attempts to view an image must be made before a

satisfactory image is displayed.

Files created by VIDEO7 are written to disk in what is

referred to as "packed video form." The file is "packedu

because 4 pixels are stored in each 16-bit word. Packed form

is ideal for minimizing storage requirements, while posing

only minor processing inconveniences. In packed form, video

files will be 64 blocks long, where one block is 256 16-bit

words. Thus one image requires only 32K bytes of memory.

Note that each block holds 4 packed video rows. As a result,

the processing programs operate on multiples of 4 rows at a

time between RDBLK calls. The fastest way to transfer data

from disk storage to core memory is by the RDBLK call, which

passes data in the data channel mode. The data channel mode

of moving data does not require program control once a

transfer is initiated. Figure 8 shows more clearly the

relation between packed and unpacked forms.

The seven digitized images created by VIDEO7 can be

averaged to produce an output image that has an improved

: 'signal to noise ratio. The program that does this averaging

29
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S BIT

NURDER 15 12 8 4 0
* o~

PIXEL 1 PIXEL 2 PIXEL 3 PIXEL 4 - WORD I

PIXEL 5 PIXEL 6 PIXEL 7 PIXEL 8 ' WORD 2

K' WORD USAGE

BLOCK
1 65 129 193 256 WORDor RO NUMBER

BLOCK 1RON ROW 2 ROW 3 ROW 4

BLOCK 1 ROW 5 ROW 6 ROW 7 ROW 8

BLOCK 2- ROW 9 ROW 10 ROW 11 ROW 12
__ _ -- - BLOCK

1 257 513 769 1024 PIXEL
NUMBER

BLOCK SETUP

PACKED VIDEO FORMAT

BIT
NUMBER 15 12 a 4 0

NOT USED PIXEL 1 WORD 1

NOT USED PIXEL 2 WORD 2

NOT USED PIXEL 3 WORD 3

NOT USED PIXEL 4 WORD 4

WORD USAGE

1 65 129 193 256 WORD
- - -- --- --- - -___--- NUMBER

I BLOCK ROW 1

1 65 129 193 256 PIXEL

BLOCK SETUP 
MURDER

UNPACKED FORMAT

*Bit position numbering convention

-- used by ISET and ITEST,

FIGURE At PACKED AND UNPACKED VIDEO FORMATS.
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is called QUICKAVE7, which creates an output file named

"AVERAGE7.VDO, where the .VD extension indicates a video

file. The seven files to be averaged are assumed to be named

"A0 through "A6. "

It is often desirable to produce a hard copy of a

S.. digitized image. One of the ways this can be done is by

displaying an image through VIDE07, then activating the

* iTektronix 4632 Video Hard Copy Unit, which makes a photocopy

of the image being sent to the video monitor. This method is

acceptable most of the time, but for numerous reasons it is

necessary to produce hard copies of stored images with the

Printronix P-300 lineprinter. The program originally written

to do this is DISPLAY, by Robin Simmons in an earlier thesis

[9]. DISPLAY used 3x3 dot patterns to simulate the 16

gray-levels, which resulted in two shortcomings. Distortion

occurs in the picture because the P-300 horizontal dot

.. density is less than the vertical density, resulting in a

1.2:1 aspect ratio. Also the 3x3 patterns do not fully take

advantage of the 16 gray-levels available. DISPLAY was

*modified to solve these problems by using a combination of

3x3 and 3x4 dot patterns. Up to four different dot patterns

are used per gray-level, instead of just one, and the aspect

ratio is very nearly 1:1. Other modifications include

allowing the user to choose the number of rows to be

displayed along with the starting row. The run time for an

llx13 image hard copy was reduced to less than 90 seconds,
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S. down from 5-6 minutes. The modified program is called

PICTURE.

SCENE and TEMPLATE SYNTHESIS

After an image is digitized and stored, the next step is

to create a template or scene to be used in the correlation

process. To do this programs were written to improve the

image, create a scene or template by combining images, and to

put the images into the correct format for the correlation

process.

The program REMOVE was written to perform a 3x3 pixel

mask processing of an image for the purpose of noise re-

moval. The main program handles the bookkeeping of passing

*the three rows to be operated on to the subroutine TEST3,

which produces the noise-removed output row. The subroutine

UNPACK2 is used to unpack the video rows from four pixels per

word to one pixel per word. REMOVE was not used extensively,

but is included to demonstrate an efficient method to

perform mask processing. The mask function can be changed by

modifying TEST3. TEST3 presently computes the difference

between the center pixel value and the average value of the

surrounding pixels. If the difference is greater than some

threshold, the center pixel value is modified accordingly.

If REMOVE and QUIKAVE7 fail to produce a satisfactory

image, a histogram can be generated, and then modified to

enhance the image. The program to produce the histogram is
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called EVIDHIST (the "E" indicates an Eclipse only program).
TONER modifies the histogram by a mapping function of the

type: 0 -> a, 1 -> b, . . , 15 -- > p, where the user defines
the new values of "a" through "p". TONER is used to increase

the contrast or raise the average brightness level when de-

ficiencies occur due to A/D or camera gain misadjustment.

To create a template from a scene with a target in it, a

owindow" is placed over the target information, and the

background is set to some constant value (usually 0 or 15).

Program NMOVE allows the user to specify a template

scene file, a background file, and a combined filename. The

template window size and position are variable, as is the

combined window position. Figure 9 demonstrates the

capability of NMOVE.

: ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~........ .............. .......................... i. ii~i" "; ,'ji ii !.-

FIGURE 91 LEFT: NNOVE INPUT SCENE. RIGHT: SCENE CREATED DY KNOVE.
THE BACKGROUND SCENE IS THE 16 GRAY-LEVEL DARPATTERN.
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The next step requires that the "negative" image be

formed, using the equation NEGATIVE = 15 - POSITIVE. This

forces the expected high energy background to become a low

energy background, improving the correlation results. TONER

can also be used for this purpose, but NEGATE is used in

macro files, as it requires no user input.

The last step before the correlation sequence is to do a

four-to-one reduction to imbed the 256x256 scene into the

upper left quadrant (lower right for template) so that linear

correlation will be obtained. Program REDUCE does this by

averaging four pixels to create one output value. This re-

duction is also effectively a low-pass filtering operation.

See Figures 10 and 11 for flowcharts of the scene and

template synthesis processes.

CORRELATION IMPLEMENTATION

The correlation method used is to perform a multi-

plication in the frequency domain, then inverse transform the

product, resulting in a correlation in the spatial domain.

The complex arrays multiplied bave been obtained from

Fourier transforming normalized image arrays.

*The normalization scheme used is the rectangle grid

normalization described in Chapter 4. The program which

carries out the normalization is suitably named NORMALIZE.

The number of grid rows and grid columns are chosen by the

user. Only the upper left or lower right quadrants are

34
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SCENE
SYNTHESIS

continuous ivage

EQUICIAYE7, REMOVE, EVIDHISTt TONIR tV1 EO7J

PSCENE.VD

NSCEHE *

REDUCE

RNSCENIMV

1 - optional processing

FIGURE 10: FLOWCHART OF SCENE SYNTHESIS,
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continuous image

-" 
VIDE 07

OUICXAVE7

E yI DEO.-.7 J ...... .. ......... .,,-"C E~~ EVIDHIIST, TO E ]

VIDE07 - " NOVi

PTlNPVD

NEGATE

NTENP.VD

REDUC

" 
E

• N N O V E

RNTENP*VD

FIGURE 11: FLOWCHART OF TEMPLATI SYNTHESIS.
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normalized; the remainder of the array is set to zero. The

imput file is a 256x256 packed video, and the output is a

256x256 complex file.

After the normalized scene and template complex files

have been created, they are Fourier transformed by the

program DIRECT. The resultant arrays are then complex

multiplied by CMULTIPLY, and the product is inverse

transformed by INVERSE. INVERSE and DIRECT are Eklundh FFT

algorithm based programs written by Ron Schafer.

The file created by INVERSE is a complex array with the

imaginary part zero (since the scene and template arrays are

always real), and with the real part having values between

zero and two. CTOI conserves file space by converting the

complex array to integer form by multiplying each real number

by 16384 to take advantage of the 16 bit word. The integer

file uses only one-fourth as much disk memory as a complex

file.

The program CTOV can be used to convert a complex file

(imaginary part assumed zero) into a video file. It performs

a linear scaling of the input file into a 0-15 range. CTOV

was used (along with PICTURE) to display the complex

normalized scene of Figure 5.
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:-- .The last step in the correlation process is to combine

the results of several correlations between a scene and a set

of templates. Program IMULTIPLY computes the geometric mean

of two correlation functions by determining the square root

of the product of the input arrays. An example of when

IMULTIPLY may be used is when the correlation functions

created from the left-half and the right-half of a template

are to be combined. IMULTIPLY can also be used to combine

the positive correlation (positive scene with positive

template) with the negative correlation (negative scene with

negative template). See Figure 12 for a flowchart of the

correlation implementation.

PROCESS EVALUATION

The function resulting from the correlation process next

needs to be evaluated. The correlation function can be

evaluated by viewing it, or by a numerical analysis of its

peaks.

PLTTRNS, by Schafer, enables the user to view 3-D,

contour, and row plots on the Tektronix 4010 graphics

terminal. The capabilities of PLTTRNS are enhanced by ITOC,

which, among other tasks, converts integer files to complex

files usable by PLTTRNS. See the source code listing in the

appendix for further information on the use of ITOC.

The plots generated by ITOC and PLTTRNS give a rough

idea of the success of the global search. PEAK gives

38
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CORRELATION
PROCESS

ifrom template synthesis from scene synthesis
* RNTEIIP.VD RNSCEHE.VD

( NORMALIDZE/L NORMALlZEE/U), (CTOVI

DIRECT )DIRECT N) (IDEO?, PICTURE]

CIIULTIPLY

IN VERSE E CTOV3 (VIDEO?, PICTURE])

CTOI

E NPRODB.IN3 NPRODAIN

(INULTIPLY3

CHPRODC.IN]

FIGURE 121 FLOWCHART OF CORRELATION IMPLEMENTATION.
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quantitative information on up to ten supra-threshold corre-

lation plane peaks: location, width, length, and value.

More peak information is generated internally by PEAK if

further peak discrimination is desired. As the correlation

functions generally are not monotonically non-decreasing

functions toward the absolute peak value, the selection of a

threshold value is not a straight-forward task.

DISTANCE uses the peak locations found by PEAK to

calculate a set of distance factors between the template and

the scene window. The distance factors are based on the Ll

and L2 norms, and take into account the scene and template

energies, the template average pixel value, and the window

size. The factors can be computed for the 256x256 pixel

original images, or the 128x128 pixel reduced images used in
the correlation process. The factors are scaled into a 0-100

range. See Figure 13 for a flowchart of the evaluation

process.
'I,

SUPPORT SUBROUTINES

Several subroutines are common to many programs; they

will be briefly described below.

TIMER is used to measure the execution time of a program

in hours, minutes, and seconds. The first call to TIMER

starts the ustopwatch," and the second call stops it. The

run time is printed on the console.
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EVALUATION

from correlation process
NPROD IN
/

quantitative \ qualitative

PEAK ITOC [CTOV3

Candidate(
uinIOui ; LPICUREt VIEDO7

PSCENEVD or
RSCENEVD

DISTANCE ( PLTTRNS
PTENP,VD or ._..

RTENPVD

distance scores plots

FIGURE Il FLOWCHART OF EVALUATION PROCESS,
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IOF is used to allow switches and filenames to be read

in the execution command line. IOF is a powerful device when

-:- macro (or automatic) programs are run.

REPACK is the routine to convert unpacked arrays into

packed arrays before they are written to disk. UNPACK

converts packed arrays read from disk into unpacked to be

processed.

XRDBLK is used to read a packed block (256 words) from

disk, unpack it, and return the unpacked array (1024 words)

to the calling program.

In the next chapter, observations will be made on some

results of the correlation process.
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VI. OBSERVATIONS

In this chapter, the behavior of the detection process

is briefly discussed, and demonstrated with several

appropriate examples. In particular, the problems of dealing

with the clutter energy, variable target illumination, window

positioning errors, and window classification are considered.

(See the appendix for more test results.)

CLUTTER ENERGY

The results of some early testing led to several

modifications of the correlation process. Consider the

cross-correlation functions (CCF) between a template and a

scene with a target in it, shown in Figure 14, and the CCF

between a template and a scene without a target, shown in

Figure 15. The template and both scenes have energies of

unity (globally normalized). In neither case are there

clearly defined peaks in the CCF to suggest possible target

locations. The maximum function values in both cases

corresponded to windows of light background only, rather than

to "interesting" objects such as trees or tanks. This

behavior is attributed to the dominance of the high-energy

background. Relatively low energy objects will not correlate

well with the template, regardless of their forms. This

failure is a classic weakness of the non-normalized CCF.
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..ROSS-CORRELATION-- FILL WINDOW

FIGURE 140 POSITIVE CCF FOR TANK SCENE TEST.VD AND TEMPLATE 113.
GLOBAL NORMALIZATION USED,

PPRUD - THRESHOLD W1

1 FIGURE 15: POSITIVE CCF FOR SCENE 13 AND TEMPLATE N13.
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. ,: To take advantage of the a priori knowledge that the

object of interest will have low-energy content, the CCF's

were computed using the negatives of the scene and template.

These are shown in Figures 16 and 17. The peaks of the

functions are much more distinct than those of the positive

CCF's. Notice especially the center peak of Figure 16, which

corresponds to a tank in the scene.

The negative CCF's appeared to be an improvement, but

two problems still remained. First, the digitizer noise of

columns 1-8 resulted in the line of peaks seen at the right

hand side of the negative CCF's. This line can clearly be

° -. seen in the top 20% contour plot in Figure 18. The second

problem was that the false peaks in Figure 16 had values as

large as the true peak (the true peak is the single peak

corresponding to the target). One method to overcome these

problems is to investigate each candidate peak by recomputing

the CCF for a smaller sized scene window corresponding to

that peak. Each new CCF is then investigated for the occur-

rence of distinct peaks, and the process continues until one

window in the scene is chosen as being most likely to con-

tain a target. Then a decision is made as to the content of

the window.

The process of iteratively "windowing-in" on a target

can be successful because the target-to-clutter area ratio
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F~.JLL I.XW0b NEGATIVE CROS -CORRELATION4

FIGURE 16: NEGATIVE CCF FOR TANI SCENE TEST.VD AND TEMPLATE H3*
TARGET-TO-CLUTTER AREA RATIO IS 0.12.

IFROD -THRESHOLD a 0

FIGURE 17: NEGATIVE CCF FOR SCENE 13 AND TEMPLATE H3#
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FIGURE 18; TOP 20X CONTOUR PLOT OF FIGURE 17.

increases with each successive CCF computed. Consider Figure

16, in which the target-to-clutter area ratio was 0.12.

Notice (in Figure 19) the dramatic improvement obtained by

increasing the target-to-clutter area ratio to 0.40.

An alternate method of choosing candidate windows is

desired, as the windowing process can become computationally

prohibitive for large scene areas. For this reason, the scene

was locally normalized by grid blocks, in hopes of obtaining

a distinct true peak with just one CCF calculation. In all

test cases a 4x6 normalization grid was used. Rows 121-128

and columns 1-8 of the reduced scenes were set to zero prior

to normalization to remove the possibility of digitizer noise

dominating the correlation function. The effect of these two

changes can be seen by comparing Figure 20 with Figure 17.
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.iEDIU lul IicOu NEGATIVE CROSS-CORRELAT ION

FIGURE 19: NEGATIVE CCF FOR SCENE TEST.VD AND TEMPLATE H3,
WITH TARGET-TO-CL'JTTER AREA RATIO OF 0.40.

tM.O313 TH.ESHOLD-M.

FIGURE 20: TOP 50Z OF NEGATIVE CCF FOR SCENE 13 AND TEMPLATE H3.
GRID NORMALIZATION USED.

The distance factors corresponding to the peaks of the

CCF of Figure 20 are given in Table III. Notice the behavior
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of the score factor as the search window is shifted. The

scene tested did not have a target present in this case.

TARGET ILLUMINATION

The grid method of normalization was next tested on

scene PTANKH3. This is the same scene that was used to

create template H3 (PTEMPH3). The scene was re-digitized to

test the effect of the noise added in the digitization

process. See Figure 21 for the digitized version of PTANKH3.

FIGURE 21i DIGITIZED TANI SCENE N3.

The CCF between PTANKH3 and PTEMPH3 is shown in Figure

22. Unfortunately, there are no distinct peaks present to

9
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suggest further investigation. Apparently the grid rectangle

size was not small enough to sufficiently normalize the high

energy non-target areas. For a 4x6 grid, the grid rectangle

size is 30x20 pixels, for an area of 600 pixels. A finer

grid may produce a more meaningful CCF for the case when the

target average energy per pixel is less than the clutter

average energy per pixel. The effect of varying the grid

size was not studied in this thesis.

FIGURE 22: CCF OF PTANKH3 AND PTENPH3.

The CCF of the negative of PTANKH3 (NTANKH3) and NTEMPH3

did exhibit a sharp peak, with a maximum value at (129,129).

This coordinate pair corresponds to a registration shift

error of only one pixel in each shift direction. See Figures

23 and 24 for the 3-D and contour plots. The peaks found,

with corresponding distances, are listed in Table IV. The

distance computed for Peak #1 from the reduced scene
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-* comparison indicated the best match for a shift of (128,128),

as warn expected. The original 256x256 scenes were compared

tising (128,128) as the peak location, and a distance score of

35 was computed.

FIGURE 23: CC? OF NTANKH3 AND NTENPH3 (NPRODH3).

FIGURE 24a TOP 301 CONTOUR PLOT Of NPRODN3.

52



TABLE IV. PEAK EVALUATION Of NPROH3t ITH CORRESPONDING DISTANCES
i...........

._l4.J:- IIIF I VA 'AIH) ---) NPROMI13 IN

i' ~ IM -3 l|'Int.ll n-- . 40}4

I 'F rAK /0

I'I At 'PAY NrI1IALI lED
0 I.! , M, I11 (ILI PL N WI 14 I.rN(OT1 PVALUE

14:1 ilV I II 915

"II-,i'LAIE WLIMAjW LENCTH .3 ROWS T(1P RAOWd173
,RVILMI' H3 vu WIDIH. 47 LOLU9*4S LEFICOL177

_i-EDUt *fi SCENE FILE --- > RPlAINMJI3. V8

4(ljIR.5 Al IOIN WINUOW

P1 AK CEN (4Lk TOP L&FT CORRELATE L2 L1
f UW.CULUMN) 4ROWCOLUMN) ROW CULUPIN FAC1OR FACTOR FACTOR SCORE

I-"k..9 . 24, /0 4:3 47 0 0 0 0
14, /1 4:1 40 0 0 0 0
:4. /L' 4:1 4/ 0 0 0 0
'.itj, /4 4/ 0 0 0 0
". /1 44 41U 0 0 0 0
.. , 12 44 4,9 0 0 5 0

. :6, /0, 4 / 4 0 0 0 0
*jm. /1 45 45.5 14 u 13i it
561. / L 45 49 49 L9 32 36

U1111 I .1, uu Il 6b 0 0 0 0
1 32. U'l. '/1 66 0 0 0 0
1 U1 IA) VI 6Y C) 0 0 0
10.1. 14( 6S2 ' 0 0 0 0
103., t'il '1. 66 0 0 0 0
Io.]. '/24 92 6/ 0 0 0 0
1)4. I4U 'V3 6b 0 0 0 0
1,)4, SV 9:1 86 0 0 0 0
104. 90 Y/J 6/ 0 0 0 0

(U4rLNT WINDOWS FhiOM PEAK LVALUA7I1ON OF NPMOtJH3

i P-ri Air LWt'""1' l I I NPl TIII 43 R f1~ ; 1P RC3IW 90
- I rt'li I '.I Mll Irt- -44 ('iII UMIN'] I i:r1ClL- 97

rIis . Ii I ITANVIIl %fIn"

I'M .'t( pl' PIP un crI3I!ELATF L2 LI

4 11,kr , 4 IIIN 1 .. 1 4.11 piIW 0 %1 1,N rA('rnp rACTOR FACTnR SCORE

,4'' 1 i'? 'P/ 4. I4 24 P9
fl' 'sl :J7 10 20 25

, - .1 ' ';'() "n., 'EI 11 19 M0

t'a ",1 '',, 1il 40 21 27 .19
III '.1. ' ' 1 '", 0 0 a 0

II. ' " "10 5 is to
11 1 1 'A*. 5 3 15

u 11ff III Mr t I'" l,: ,ti I rpn Pl4TANCE R.'F!'tIR TS WI MH PEAK * 129, M129

5 3



I.

One of the reasons for this low score can be attributed

to the method of normalization used prior to the distance

calculation. As the template window and the target have been

given to be the same size, the search window will contain

only target information when properly placed. The clutter

*: energy will be eliminated, so the only normalization thought

to be needed was search window normalization (in other words,

a 1xl grid normalization). This type of normalization will

not take into account energy changes over the target due to

illumination. Recall that the brightness function is a

product of the reflectance and illumination functions. It is

an implicit assumption that the target reflectance function

is expected to be about the same as that of the template. To

take into account the variability of the illumination, both

the scene and the template should be normalized by a method

similar to that used in computing the CCF. Grid normali-

zation to improve the confidence of the distance factors was

not implemented due to time constraints. However, a simple

demonstration of the advantage of using search window grid

normalization is given in Table V. Note the increase in the

best distance score factor from 35 to 79.

POSITIONING ERRORS

The correlation process was next tested using NTANKD2 as

the input scene, and NTEMPH3 as the template. The results of

the peak evaluation of NPRODD2 are given in Table VI. Tank
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TAILS V, DISTANCE SCORES FROM CONPARISON OF
LOWER HALF OF PTENPH3 AND PTANKH3
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scene D2 and the window choices of PEAK are shown in Figures

25 and 26. The distances corresponding to the windows chosen

by PEAK are given in Table VII. Notice that the first window

choice clearly corresponds to the target, but that the

distance factors favor the second window choice. As

expected, the distance factors are very sensitive to window

positioning errors, since they are based only upon a

pixel-by-pixel comparison.

To achieve smaller window positioning errors, a second

CCF can be computed between the template and an intermediate

size window. The window size would be larger than the

template, but much smaller than the original scene area. An

improvement of this type would be relatively computation-

ally inexpensive, as the FFT based correlation time is

proportional to NxN log N, where N is the window width.
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FIGURE 25:. DIGITIZED TANI SCENE D2.

FIGURE 261 FIRST TWO WINDOW CHOICES FRON PEAK

EVALUATION OF NPRODD2.
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TABLE VI. PEAK EVALUATION OF NPRODD2

INTECER FILE EVALUATED -) WROD2- IN

T)EwOLDO . 531
I OF MAX PEAK~: 70

1 10J0 125 121 53 17 .710
2 7Q 99 4 a 5 .54

TABLE VII, DISTANCES CORRESPONDING TO WINDOWS OF FIGURE 26

RECOGNITION RESILTS

*RNEDUED**-
TEPLATE WINDOW: LENGTH- 23 MOW TOP Ramat73

(RPTEINH3. VO WIDTH= 47 COLWUMN LEFTCL177

*RDUCED* SCENE FILE -> RPTANKD2. YO

CO ELATION WI NS
EAR CENIs TOP LEFT CORRELATE L2 LI

(ROW. COLUN IROW. COLW4N) RON COLUMN FACTOR FACTOR FACTOR SCONE

1: 125.121 50. is 47 55 0 0 0 0
5.9 47 54 0 0 0 0
5. 00 47 57 0 0 0 0
"s 73 46 55 0 0 0 0

5,9 46 54 0 0 0 09.60s 46 57 0 0 0 0
460. 73 49 55 0 0 0 0

0.4 54 0 0 00 0
60 o 4 70 0 0 0

2:. 99. 64 64.115 73 92 21 is at 14
84.114 73 93 19 10 10 12
94.117 73 94 17 9 9 11

35 I1It 74 92 22 12 12 is
65.1 74 93 20 10 10 13

6.115 73 922 1 12 134.116 3 9 0 1 1 1
86.117 75 94 to 9 9 11

COMMENT: PEAK I CRMESPOWU TO THE TARGET.
C0O~T: PEAR 2 WAGT 721 OF PEA I.
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Thus, the correlation computation time quickly diminishes as

N is decreased.

CLASSIFICATION ERRORS

The ability of the distance factors to classify windows

was tested using PTANKD2, and the standard template, PTEMPH3.

A window was selected in PTANKD2 to correspond to the tank

only (the ideal choice of PEAK evaluating NPRODD2).

None of the distance factors of the nine windows

investigated by DISTANCE were greater than zero, a somewhat

disappointing result. There are several possible explana-

tions for this result. The first is that scene D2 and

template H3 were digitized in separate sessions. As a

result, the size and orientation of the tanks will slightly

differ. The second explanation is that the normalization

approach used in the distance calculation admittedly does
not account for illumination changes over the target, as

mentioned previously. Finally, the 16 level quantization

cannot accurately represent the continuous image unless the

brightness function histogram is reasonably uspread out."

The third explanation requires further discussion.

Consider the histograms of template H3, and of the tank of

scene D2 (Figures 27 and 28). The histogram of template H3

is almost evenly distributed from levels 0 to 9. On the

other hand, the nistogram of the tank of scene D2 shows 63%
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FIGURE 27i HISTOGRAM OF TEIPLATE N3.

of the pixels to be in levels 2 and 3. This "distortionu

from the ideal (template) histogram will result in some loss

of detail in the digitized image. Recall that one of the

assumptions made is that the digitized images must be

accurate representations of the continuous scene, or

dependable detection cannot be expected.

The histogram of RTEXPD2 was modified by TONER so that

any detail in the scene would be enhanced. The pixel mapping

is shown in Table VIII, and the resulting histogram is given

in Figure 29. The enhanced version of TANKD2 is compared

with template H3 in Figure 30. The effect of the difference

, ' * in illumination can clearly be seen by comparing the top
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HISTOGRAM OF RTEIUD2. VD

, of level 0: 0 of level 8: 1
- of level 1: 24 6 of level 9: 13
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* of level 3: 294 6 9lvl1: 5* @f level 4: 135 6 of level 12: 6
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;.HISTOGRAM OF RTEMPD2.VD

.a.

nff.nn.5n

- -r .e 8•.00 4.00 9.08 112. 00 1G6. 90

SFIGURE 28% HISTOGRAM Of TANK D2

(IVACIGROUHD PIXEL VALUES SUPPRESSED).

portions of the tanks, and also the bottom portions. Unless

an elegant method of normalization is used, any

ir point-by-point based distance measure may give misleading

~results.

~There are several methods of computing distances that
take into account the spatial relationships of the pixels in

• an image. Although none were implemented in this study, they

,•0
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FIGURE 30: TONED TANK D2 (LEFT) AND TEMPLATE H3 (RIGHT).

-". are suggested as logical improvements to the detection

process. One method to be tested is to compare in some way

the filtered Fourier components of the normalized scene

window with those of the normalized template window. Another

possibility to explore is to compute a statistical

correlation measure of the form

" .E ffs(x,y)}fft(x-m,y-n)}

Ng(m,n) =(49)

f{s (x,y)}] 2 l[f{t(x-m,y-n)}]
2

x yx y

where f{ * } indicates some 3x3 mask operation of the array,

most likely an edge enhancer. Linear edge enhancers include

the Laplacian mask, while non-linear enhancers include the

Kirsch and Roberts operators [5: 482-491]. A 3x3 mask

operator can easily be implemented by modifying the

subroutine TEST3 of the program REMOVE.

1,*
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VII. CONCLUSION

SUMMARY

In this thesis, a method for two-dimensional pattern

recognition was developed and tested. The method included a

global search scheme for candidate targets, based on high

speed cross-correlation between a normalized scene and

template. A target classification measure dependent on the

normalized Ll and Euclidean distances was also presented.

Several computer programs were written to carry out the

process, from image input to target classification.

Especially significant was the program PEAK, which performs a

search of two-dimensional cross-correlation functions for

isolated supra-threshold peaks. Another program, DISTANCE,

computes a classification, or similarity score between

template and scene windows corresponding to the correlation

peaks. Simple image procesing programs were also written and

described.

CONCLUSIONS

1. The global search for candidate targets by cross-

correlation template matching can be counted on to find

candidate targets to only a limited degree. The search

scheme presented in this study is best used to determine the

approximate location of amorphous "blobs."

2. The reliability of cross-correlation in finding targets

increases as the target-to-clutter area ratio increases.
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:..: This property can allow the target to be found by an

iterative process of correlationss using smaller and smaller

Vindow sizes.

3. Similarity measures based on pixel-by-pixel comparisons

are sensitive to slight mis-registration errors, and to minor

degradations in the brightness function due to illumination

and digitization noise.

4. The grid normalization method of chapter four for use in

the correlation process is not a suitable approximation of

search window normalization. The method has difficulties when

a grid rectangle covers an area which contains both high and

low energy objects. However, it works very well for

normalizing scenes and templates in the classification

'process, after a search window has been chosen.

RECOMMENDATIONS

1. An algorithm to automatically evaluate the information

generated by the program PEAK needs to be developed.

Specifically, a simple rule to determine the selection of a

threshold value (or possibly several values for a given CCF)

needs to be determined. Also to be determined is a method to

recognize a false peak (one not corresponding to a target),

given its width, length, and percentage of maximum peak

value. Perhaps the cross-section of the peak could be

compared with the oross-section of the autocorrelation

function. Elimination of false peaks from further

consideration would result in computational savings in the
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classification process.

2. A more elegant normalization scheme is needed for use in

tihe global search process. One possibility would be to

compute a finer array of normalization constants that take

into account the energies of the surrounding grid rectangles

(see Figure 31). The normalization coefficients computed

would essentially be the result of overlapping the grid

rectangles.

3. An intermediate correlation using a smaller window area

should be computed, using the peak information from the

global search CCF to determine the window size and center.

This intermediate correlation will allow for a precise

positioning of the window used in the computation of the

similarity measure.

4. The use of grid normalization of scene and template

windows for the classification process needs to be further

developed and tested. kreliminary results indicate that grid

normalization can be used successfully to account for

differences in energy between the template and scene tanks,

as long as most of the clutter energy is eliminated (which is

-.. the case when the search window is accurately positioned).

5. The choice of features to be compared needs to be

studied. Instead of comparing the pixel values of the scene

candidate window directly with those of template window, the

comparison of the high or low-frequency Fourier components,

for example, may lead to more promising results. It might

also be interesting to compute the distances between scenes



FIGURE 31: SUGGESTED NORMALIZATION SCHEME
*'. .--- - -- -- _ ___._ __ ._

Consider the case where the energies of 9 local rectangular

"whole" regions A-I are computed.

A 'B C

D E F

G H I

From these 9 energy terms, we want to compute 81 normalization

coefficients. The coefficients for any "sub"-region can be approx-

lmated by a weighted average of the whole region coefficients cor-

responding to the center sub-region and its eight nearest neighbors,

where the weights are determined by the distance from the center

sub-region.

i'. A A B

A Al B

m: D Di E

For s(x,y) in sub-region A', one possible method of computing a

normalization coefficient is by. Eq. 50 (let N(A') represent the nor-

malization coefficient for region A'):

N (A') - K1xA + K2x[(A + A + B + D) + (A + B + E + D)/*,J (50).

.-This normalization method may avoid some of the severe discontinuities

sometimes created by whole region normalization.
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and templates that have been mask processed (for example edge

enhanced), as mentioned in chapter six.
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Li
Under the RDOS operating system, macro (or indirect

files) can be run to execute a series of CLI commands. Thus,

a process consisting of a series of program can be run

automatically as long as none of the programs require

interactive user input. In order that file names and program

options can be specified in the execution line, all of the

programs in the correlation process use the COMARG call to

read the command line argument string. This appendix

describes the use of several macro programs.

Macro NTEMPCP.MC creates NTEMP.CP, the Fourier transform

of the reduced template, RNTEMP.VD. RNTEMP.VD is the

negative of the 256x256 PTEMP.VD, reduced to the lower right

quadrant by REDUCE and NMOVE. Links to NORMALIZE and DIRECT

must exist before NTEMPCP.MC is executed. The program lines

are as follows:

NORMALIZE/L RNTEMP.VD NTEMP.CP
DELETE/V RNTEMP. VD
DIRECT NTEMP.CP/I 256/N
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Execution of NPRODIN.MC results in the CCF between the

template and SCENE.VD to be computed and stored in NPROD.IN.

Piles HOLDl.CP and HOLD2.CP should exist as 1024-block

contiguous files; they will be created if they do not exist.

The use of contiguous (as opposed random) files decreases run

time by a factor of 3. The following files must be linked to

before NPRODIN.MC can be run (the links in CROMER.DR are

given as an example):

CROMER
:26:26

HOLDi. CP STROUPE:HOLDI. CP
HOLD2. CP STROUPE:HOLD2. CP
NTEMP. CP STROUPE:NTEMP. CP
SCENE. VD STROUPE:SCENE. VD
NEGATE. SV STROUPE:NEGATE. SV
REDUCE. SV STROUPE:REDUCE. SV
NORMALIZE. SV STROUPE:NORMALIZE. SV
DIRECT. SV DP4F:DIRECT. SV
CMULTIPLY. SV STROUPE:CMULTIPLY. SV
INVERSE. SV DP4F:INVERSE. SV
CTOI.SV STROUPE:CTOI.SV

Run time will be less than 10 minutes. The scene of

interest should be renamed SCENE.VD before executing;

NPROD.IN should be renamed after the macro program execution.

See COMPUTE.MC for further clarification on the use of

NPRODIN.MC. One version of NPRODIN.MC is as follows:

RENAME HOLDI.CP NSCENE.CP
RENAME HOLD2. CP NPROD. CP
NEGATE SCENE. VD NSCENE. VD
REDUCE NSCENE. VD RNSCENE. VD
DELETE/V NSCENE. VD
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NORMALIZE/U RNSCENE.VD NSCENE.CP
DELETE/V RNSCENE. VD
DIRECT NSCENE.CP/I 256/N
CMULTIPLY NTEMP.CP NSCENE.CP NPROD.CP
RENAME NSCENE. CP HOLD1. CP
INVERSE NPROD. CP/I 256/N
CTOI NPROD. CP NPROD. IN
RENAME NPROD. CP HOLD2. CP

COMPUTE.MC is used to automatically, without user

interaction, compute the CCF's corresponding to six different

scenes and one template. The total run time is less than one

hour. The macro controls the re-naming (or re-linking in this

case) of the dummy files SCENE.VD and NPROD.IN. The CCF's

created are moved to other disks to allow room to run the

rest of the correlations. The macro program requires 256K

bytes of free disk (assuming NPROD.IN exists). If for any

reason NPROD.IN cannot be moved, it is simply overwritten.

The program may be aborted at any time the user desires;

results up to that time will be saved. The program is given

as follows:
LINK SCENE. VD CROMER:PTANKG4.VD
NPRODIN
RENAME NPROD. IN NPRODQ4. IN
UNLINK SCENE. VD
LINK SCENE. VD CROMER:PTANKD4.VD
NPRODIN
MOVE/V/D/R DP5F NPROD. IN/S NPRODD4. IN
LINK NPRODD4. IN DP5F: NPRODD4. IN
UNLINK SCENE. VD
LINK SCENE. VD CROMER:PTANKC3.VD
NPRODIN

.- MOVE/V/D/R DPSF NPROD. IN/S NPRODC3. IN
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LINK NPRODC3. IN DP5F: NPRODC3. IN
UNLINK SCENE. VD
LINK S-'ENE.VD CROMER:PTANKD2.VD
NPRODIN
MOVE/V/D/R DP5F NPROD. IN/S NPRODD2. IN
LINK NPRODD2. IN DP5F: NPRODB2. IN
UNLINK SCENE. VD
LINK SCENE. VD CROM1ER: PTANKD2. VD
NPRODIN
MOVE/V/D/R DP5 NPROD. IN/S NPRODD2. IN
LINK NPRODD2.IN DP5:NPRODD2.IN
UNLINK SCENE. VD
LINK SCENE. VD CROtIER:PTANKE2.VD
NPROD IN
MOVE/V/D/R DP5 NPROD. IN/S NPRODE2. IN
LINK NPRODE2.IN DP5:NPRODE2. IN
UNLINK SCENE. VD
DIR DP4
MESSAGE RECOGNITION PROGRAM COMPLETED
GDI R
GTOD

The scene files correlated with the template are as follows:

CROMER

PTANKB2. VD 32768 PC
PTANKC3. VD 32788 PC
PTANKD2. VD 32768 PC
PTANKD4. VD 32768 PC
PTANKE2. VD 32788 PC
PTANKG4. VD 32788 PC

The files and links created by this version of COMPUTE.MC are

as follows:

CROMER

NPRODB2. IN DP5F: NPRODD2. IN
NPRODC3. IN DP5F:NPRODC3. IN
NPRODD2. IN DP5: NPRODD2. IN
NPRODD4. IN DP5F: NPRODD4. IN
NPRODE2.IN DP5: NPRODE2. IN
NPRODG4. IN 131072 C
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APPENDIX B:

SUMMUIY OF WROGRAM USAGE

INPUT FILE OIIPM FILE
TYPE EXECUTION LINE OM TYRE

[.VD] VIDE07 [.VD]

.VD QUICKAVE7 AVEAGE7 .VD

.VD REDVE infile outl out2 .VD

.VD EVIDEIST

.VD * VD

.VD MOE .VD

.VD NEGATE /F] infile outfile .VD

.VD REUXE infile outfile .VD

.VD ND(MLIZE[/U or /L] infile outfile .CP

.CP DIRECT infile/I 256/N [outfile/O] .CP

.CP CMLTIPLY infilel infile2 outfile .CP

.CP INVERSE infile/I 256/N [outfile/O] .CP

.CP CTOI infile outfile .IN

.IN IMJLTIFLY infilel infile2 outfile .1IN

.IN ITOC/[A,N,E,H or 0] infile/C] [T] outfilef[/M]
's • CP

.CP PLTNS infile/I 256/N

.IN PEAK

.VD DISTANCE

.CP CTOV .VD

.VD PICAIE

where

' .VD - 32K bytes packed video

"IN - 128K bytes integer

.CP - 512K bytes cm'lex

[ ] - optional input or output
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APPENDIX C:

IMAGE INPUT AND OUTPUT PROGRAHS

This appendix contains the following programs (subroutines

given in parenthesis):

1. VIDE07 (CHAN7, VABORT, ERCHK)

2. QUICKAVE7

3. PICTURE (OUT3X3, OUT4X3)
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f:..!i ... :. C****** NOV vIDEo7 IP-T!/CUTPUT RMINE VIA CROMO OMP *******

I'.," --- IC= BY Lt. Jim Cromer 12 Aug 19 82***
{11 C Fortran IV***

C, Iis program allows the user to display a video file ***
:-.: C repeatedly any number of times. It also allows the ***

C user to input or output video files named AD, Ali, A2, *
C A3, A4, A5. etc. autcmatically. These files may
C then be averaged by QTICAVE7.

;;' C* ** **

C Execution Line Format:
C VIDEO7::-" C* *** *

C Load Line Format:
C R1LDR VIDEO7 QIAN7 EIC1K VABORT CHANNEL
C DQHRX DCHTX SANDS CANIOR FORT.LB
C

'-.4 DIIENSION IPAR(2) ,IHJLD(7)
I"XR FILE(7)
IPAR (2) -0

C
C
C******** USER PARAMEER INPUT *
C

-TYPENICE: CHOPS must be runningl<12>"
ACCEZ Input or output (IN-O/OU -l)? ",IDIR
IF(IDIRoNE.0.AND.IDIR.NEol)G0 TO 8 ;Error checking

1 ACCEPT"Enter time (SEC.). wITIME ;Monitor display time
SIF(IDIR.EQ.0)GO TO 4

ACCEPTrType 1 to output A-An: ",IDR
IF(]IR.EQ.l)GO )4
ACCEPrhat is the name of the data file (13 Char max)?
READ (11,8) FILE (1) ;Video frame filenani
ACCEPTEniter # times to be displayedt 0,I1
IF(FILE(l) .N.10752)GO TO 42 ;An 0*0 means to
DO 2 1-1,7 ;run with the last

2 FILE (I)-IHOLD (I) ;file used
GO TO 42

C
C
C******** INPUT OR OUTRT FILES AO-A6 *
C

4 IPAR(1) ITIME
CALL CHAN7(IDIR,IPAR)
GOTO 6

C
C
C******** DISPLAY VIDEO FILE OF USER'S QOICE
C

. 42 DO 43 KK-lII
"'"7ma"CH= MWIcT - - ",KK
CALL VAWO (NrSK, IN, IPIf, IQT)

75



IDIRl1
IPAR (1) -ITINE

- IERR=O
CALL CHANNL (IIISKv MDIR, IM, IPCor, Morr, FII ,64,O, rIPAR, IERR, LSYS)

43 CALL 3R (E1M~M~P~#SS ;identify errors
C
C
c******** USER ROM ************************

6 TYPEO<12>w
DO 7 1-1,j7 ;Save filename

7 IHOLW(I)-FILE(I) ;for next loop
ACCP"What next (nIN*1-O ,OUTT7I-1 ,b'IV-2)? M IIR
IF(IDIR.EQ.O)00 TO 1
IP(IDIR.EQ.1)00 TO 1
IF(IDIR.EQ.2) STOP OType VMDE07 to rerun."

8 EDY4AT(S13) ;Filename input format
TYPE<7>Input error; try again.*
GO TO 6

* END
C
C~******** Program VIDE07 *******************
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": SUBROMTIN CHANT IIB IPAR) ;by Lt Jim Cromer

C
C Subroutine CHAN7 will digitize a picture seven tines, and
C will store the video data in files AD-A6 (i.e. in a format
C usable by QUICIAVE7). It will also display the digitized
C pictures consecutively on the video monitor.
C (Called by VIDEo7)

C PARAMETERS PASSED:
C
C IB=0 -- > input pictures from camera
C IB=I -- > output pictures to the video monitor
C IPAR(l) -> display tine in seconds
C IPAR(2) m-> uused
C

I-" GER FILE(7) ,IPAR(2)
DO 100 I=1,7

100 FILE(I)-0
IEWRO
IF(IB.BQ.I)GO TO 300
DO 200 1=16688,16694 ;if digitizing, delete A0-A6

FILE(1)=I
200 CALL DELETE(FILE)

fIU=7
GO TO 400

300 TYPEEnter the number of pictures to be displayed.u
TYPE"They must be named AO-A(N-l) to be displayed."
JACEPTw Enter N -- > ",IN
IF(INUM.Gr.10)TYPEOSorry. The maximum number of pictures

$ is 10."i ~IF (INUM.OT. I0) INLWI0
400 DO 500 I-l,INtU ;if I1, then FILE==A0"

* ;if I=2, then FILE='AI1
FILE(1)=16687+I ;and so on
CALL VABOR(IArICrID,IE)
WRITE(10,600)FILE(l)
CALL CHANNE(IAIBICID,IE,FILE,64,0,IPAR, IERRrISYS)

500 CALL ERCHK(IERRIB, IEID,ISYS)
600 FORMAT(" Check monitor - Picture being displayed -> ",S13)

RETLRN

C
C*********** Subroutine CAN7 7
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SUB7ROMEVABOU(NTISKIMIPNrMC~r)

C
C This subroutine sends an abort call to CHANNEL,
C and resets the calling parameters for the next
C MEW~O call.
C

J=O ;dumy variable
K=3 ;mocde 3 -- > Abort
CALL GIAWHJL(J,JK,JJ,'A,jjjIEIS)

IPOII'1 ;parameter count
NISK=3
IM-2 ;mode 2 -> Video
RETURN

* END
C

* ~~C************* Subroutine VABORT ****************
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~JB~mE CHK (IERR, IDIRr IDQNT, IPor ISYS)

C
C This subroutine checks for errors made during an attempted

*C call to CHANNEL,, and prints them to the screen.
C (Called by VDEO7).
C

INTEER CRERRrDONTr
WGICAL BTEST
IF (IERR.EQ.O.OR. (IERR.EQ.13323.AND. MIR.BQ.0) )GO TO 6 ;ok
IF (IERR.EQ.13323 .OR. IERiR.EQ.-24832 .OR. IERR.EO.-24064 .OR. IERR

*EQ..28)OT5 ;Specific error messages will be given
IF(M'ISVT(IERR,15) )GD TO 9 ;Abnormal return
GO TO 10 ;Error without abort

5 IF (IERR.EQO.-24832) TYPE -<7>ABOffl'-FILE DOES NOT EXIST-
* * IF(IERR.BD.13323 .OR. IER. Q.-24064) TYPEw<7>ABORI'-FILE WOES NOT

IF (IERR. EQ.-22528) TYPE" <7>ABOM'-FILE CANNOTJ BE QCF1A='U
6 TYPEI<12>Cliannel cleared"

GO TO 20
9 TYPE"<7><l2> ABORT INITIATEDI1 1<12>u ;There are

10 CROERRt-15 .AND.IlER ;two error
P[XX)N=ISHFT (240 SAND. IERR-4) ;codes in the
NOVERRISHFT (-256 SAND. IERR-8) ;variable
TYPE" CROWEM ERROR RElURND: ,CRERR ; ' I '
TYPE" PARAMETEIVDATA COUr REIURN1W: ",FOWCNr
CALL BaaR(NDVERR,7)
TYPEP NOVA ERROR RETURW:,NDVERR ;Error
T'IPEO ERRORE CODE EE'IUE: " rimE ;mes sages are
TYPE" DATA WU=:r,IDyr ;printed for
TYPE" PARAMETER WDUNI!:",IPQ~T ;user information
TYPE" SYSEER RLM)IUEN:" ,Is:YS ;and correction
PAUSE

20 RETIURN

C
C************** Subroutine ERCK*******************
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C
C - Pra QUICVE7 Written by Lt. Jim Cramner
C Fortran 5 (by DATA GENERAL)
C
C
C This program will average the packed video files
1C OA0 - 'IA6" pixel by pixel, and output the averaged picture
1C to the packed video array "AVERAGE7.VD. [A packed video
C array contains a 256x256 4-bit/pixel picture in a 64 block file
1C on disk,, where 1 block-256 16-bit words (i.e. 1 block-4 video
C rows). Each 16-bit word holds 4 pixels. Video files are
C stored on disk in packed form to conserve disk space. File
1C size is 32K bytes.]J Total run tine is less than one
1C minute clock time.
1C
1C Execution Line Format: (run SLCMfVE7 on the NO)
1C OJICKAVE7
1C
1C Loader Caund Line Format:
C RUM QUICXIVE7 TIMER UNACK REPACK 20/C @FLIB@
C The 20/Copens up enough channels to runithe
C program [by default, only 8 channels (designated and pre-

• . C Arrays, DeAe hod1 block5 each wd (i.e. 1ace vido 4 rows)
C Aras aDh-A itwor holdcs eac ixe. 8Vnacideo rws)

,C Atray AoE isk use forcted unocke av oergeds pir (8iows

C dsiegs3na bte ar n ormal ava ia sleLns toa oDA n
iC min sut ld beireed.

CC ArrayuAVon holesFtheapackd raveraged picture (8Nrow )
* C ICV7C

C The 20/CVopensttp ent is used to reuce the o
C Arura nt [bce anl arry s unpakchie d, 8pated ad e-rrys

1C Arrays Ao -A6u hold bloks each (i.e. 8 packed video rows)'1C

c Array AVE is us ed rr (e not averaged picture (8 rows)
C
1C Array AVEP holds the packed averaged picture (8 ro)~C

:.C [If array sizes are modified, note that arrays A*U oust be dimen-
C sioned to be 4 times larger than arrays A*.]1C
1C The EQUVALENC statement is used to reduce e:iry1C requirements. Once an array is unpcked, the pcked array is
C no longer used. Therefore unneeded packed arrays can be usedC to hold unpacked arrays (but not at the same tivel).
c

ITGRFILE (2)
INTMD AD (512) ,A1(512) ,A2 (512A ,A2) , (2) , (A) ,MU (512) ,$A6(512) ,AVE(2048) ,ABrCD
IIMAOU(2048) AIU(2048) A2U(2048) A3U (2048) A4U (2048},

$A5U (2048} ,A6U(2048) ,AVEP (512)
MMNAOUA1UA2UsA3UA4UA5U,A6U,AVEP ;CUO must be declare

S;before EQIVLEC
• .....';can be used(Fortran IV'

EQUIV E=(VEAOU), (A0,AlU),(A1,A2U), (A2,A3U), (A3,A4U), (A4,A5U'
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$. $(A5,,A6U) (A6 ,AVEP)

1'IPEO Program QIKVE7 now executing . . .<5<>

CALL TIMER(0) ;start timer
C / IEIGMN'*********************
C

C Seven channels to "AO" thru IA6" must be OPENed for
C reading. An eighth channel to "AVERAGE7 .VDO must be OPENed for
C writing (after NAVERAGE7 .VD" is created).
C

FILE (2) =0
DO 998 1-0,6

FILE(1) =16688+I ;ASCII for A-..
CaLL OPEN (IOFILEl IIER)

999 Et)PAW(N OPEN 105,4#, error #'j15)
998 CX21ONM

DELEME AVERAGE7 .VDN
CALL CFILW("AVE1RGE7.VD ,3,64, IER) ; create a contiguous
IF(IER.BQ.1)GO 70 997 ;file, if possible
CALL CFILWQ'AVEAGE7.VD",2#,IER) ;create a random file

;of variable size
IF(IER.NE.l)TYPE " AVERAGE7.VD create error:",IER SITOP

997 G"L MPEN(7 1 AVERWVE.VD3 tIER) OPEN a channel to
IF(IER.NE.l)TYPE OPEN 7 error #",IER ;*AVERAGE7.VD" for writi'na

C
C
C

MO 4 I=0,62,2 ;average 64 blocks, 2 at a time

C
C Read 2 blocks from each picture to be averaged (8 video rowrs)
C

CALL FMB(OIAD,2,IER)
CALL K(lIAl,2rjER)
CALL FdHK(2IA22KER)
CALL ROM(3IA32LZR)
CALL F1K(4IA42iER)
CALL 1MLK(5IA52IER)
CALL 1Z(6,IrA6r2FI6ER)

$ MR.IIE.l..ORNER.NE.l..OR.I6ER.NE.l)QD TO 5
C
C Unjack the arrays
C

CAL UNPACK(512jADAOU)
CALL UNPAOX(5l2jAlrAlU)
CALL MNAVCK(512vA2rA2U)
0"LL UPCK(512,AM3)
CALL U~aC(512rAA4,MU)
Ca"L NaC(512,A5rA5U)
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CalL UNPAC (512 A6,AM)
C
C Perform pixel by pixel averaging
C

DO 1 K-1,2048
AVE (K) =IFIX (FLDAT(AOU (K) +A1U(K) +A2U[ (K) +A3U[ (K) +4U1 (K) +A5U[

$+A6U(K))/7.O+O.5) ;round to nearest integer
1 flOfNTME

C
C Pack array AVE into AVEP and write it to the disk
C

CALL REPACK(512fAVEAVEP)
CALL WMUL(7IrAVEP,2rIER)
IF (IERj.N.1) TYPE WRBLK *,,error: *,IER

X TYPEN Block V,,averaged. <15>u ;can be deleted to
;decreas run time

4 OONTINUE
C
C Print total run time message to the console CRT,
C and EXIT the program.
C

a"L TIMER(l) istop tiner
GO TO 6

5 TYPEN <7><15>RL2BLK AO error:"vIER,"<l5>RDBLK Al error:,fJER,,
$P<15>RDBLK A2 error:NKER, Z1l5>RrSLK A3 error: ',LER,
$"<15>RLELK A4 error: 3 ,MER, 0<15MMUBL A5 error:NINR,

6 CALL RESET~
TYPE" <15> Program QUICKVE7 finisbed.0
TYPE' The averaged file is named AVFRAE7.VD<l5><7>7>-

C
C**********Program QUICKNVE7
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C
AM C Program PICTURE Written by Lt. Simions 14 Oct 1981

C Fortran 5 Revised by Lt. Cromer 12 July 1982
C
C. This program will convert video pixels to lineprinter pixels,
C and will put the picture in a file or to the Printronix 300
C lineprinter. This program prints either the complete 256 by
C 256 pixel picture, or a smaller picture that does not contain
C the noise created by the video digitizer (the last five blocks
C in the video file are noise). Odd numbered Video lines (rows)
C are represented by 3x3 pixels, while even numbered Video lines
C are represented by 4x3 pixels. Run time for a shortened
C picture of length 222 lines is about 1.5 minutes; the file
C size will be about 204Kbytes (or 102,000 words). For a 256x256
C picture, run tine should be 2 minutes, with 239Kbytes used on
C disk.
C

INBGER ATI=(40)
DIMENSION IIARRAY(268) ,I2ARRPY(264) ,I3ARRAY(201) ,I4ARRAY(198)
EQUIVALENCE (IIARPAY, I2ARRAY, I3ARRAY, I4ARRAY)
DIMENSION ILP(4,67) ,IFILE(7) ,IW(64) ,ISAV(4)
LGICAL SHDRrTITLE

C
C Set up solid line, space, and line feed/plot-on characters

"" C

IL=I77777K ;Solid line
NC=40100K ;Space
LF=012K -Line feed
LFPC=2412K ;Line feed/plot on

C
C Set up parameters for complete picture display.
C

SH)P-.FAISE. ;Short picture test
NI-66 ;Top and botta border length
N2=256 ;NMuer of lines displayed
N3-1 ;Location of left border
N4=66 ;Location of right border
N5=67 ;Location of line feed
N6=1 ;Length of lines displayed

C
C Open the video file for input
C

ACCErP" what is the name of the input file?
READ (11,17) IFILE(1) ;Read video file name
CALL OPEN(lIFILE,1,IER) ;Open the video file
CALL CHEC (IER)
IF(IER.NE.)TYPE Input open error:',IER

C
C Ask for an output file, either the lineprinter or a disk file,

,-. C and open the disk file if necessary.
C ACCEPr Do you want a disk file created (Y or N)? *
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1 READ(ll,19)N ;Read one ASCII character
* IF(N.EQ.19968)GO TO 2 ;File was not selected

IF(N.NE.22784)GO TO 20 ;Input error
ACCEPT" A file was selected; what should its name be

* (13 char max)? 3

READ(11,17)IFILE(1) ;Read output file name
CALL DFILW(IFILE,JER) lMake sure that the
IF(JER.NE.I.AND.JER..13)TYPE" Output delete error:*,JER
CALL CFILW(IFILE,2,KER) ;file does not exist
IF(KER.NE.I)TYPEO Output create error:",KER
CALL OPEN(12,IFILE,3,LER) ;Open the output file
CALL QfEK (LE)
IF(LER.NE.I)TYPE" Output file open error:",LER
GO TO 3

2 TYPE" The picture w.ll only go to the lineprinter.0
C
C Choose between complete picture and noiseless picture.
C

3 (ONTDWIE
ACCPT"Do you want to title the picture (Y or N)? "
READ(11,19)N
IF (N.EQ.22784)TI7E-.TRUE.
DO 300 K"=1,40

ATITLE (KT) =0
300 CDNTINUE

IF(TILE)TYPE"Enter title below (up to 80 characters)."
IF (TITLE) READ (11,3000)ATITLE (1)

3000 FORMAT(S80)
ACCEP!rDo you want a complete picture (Y or N)? "

4 READ(ll,19)N ;Read one ASCII character
IF(N.EQ.19968)GO TO 22 ;Response was "NO"
IF(N.NE.22784)GO TO 21 ;Input error
TYPE" A complete 256 by 256 pixel picture was chosen."

C
C Put a border at the top of the picture.
C

. 5 DO 7 I=1,3
IF(SEDIRT)WRITE BINARY (12) NC ;Space right
IF(SORT)WRITE BINARY(12)NC ;Space right again
DO 6 J=,NI

6 WRITE BINAPY(12)IL ;Print a line
7 WRITE BINARY (12) LFPC ;Terminate the line

C

C
C Each line of the picture will have a border on each end. A
C DO-LOOP loops 233 (or 256 for whole frame) times around the
C next three program parts
C

*. C
JTEST - -1
DO 13 JA-lN2

,. .: JTEfT a JTET*-
JJ - 4
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* .IF(JTEST.Gr.0)JJ-3 ;Odd iteration
C
C Put aborder dwn the left hand side
C

DO 8 K=lJJ ;Put a left border
IF(SHB)RT)ILP(Kfl)=NC ;two spaces in
IF(SHIRI!)ILP(K,2)4C ;( 1/40 space)

8 ILP(KN3)=43500K ;for short picture

C Put aborderam the right hand side
C

DO 9 ILl,JJ ;Insert border and
ILP(LN4)=40170K ;line feed after

9 I 1P(L5)LFPC ;the picture
C
C Convert the video picture pixels to $LPP pixels
C

READ BflMRY (1)IREC ;Read one video line
DO 12 N=NS,64

IWRr=B!TE (IREC (N) ,2) ;Right two pixels
IWIrBYI'E(IPJEC(N),1) ;Left two pixels
IF(JJ.GT.3 .5)KAL Wr4X3 (IWL,ISAV)
IF(JJ.LT.3 .5)CALL OUT3X3 (IWL,IS~kV)

N7=N41
IF (SHDIR')Nl7-N
DO 11 JB-1,jj

11 BYTE(ILP(JB1 N7) fl)=ISAV(JB) ;M4ove to high byte
IF (JJ.LT.3 .5) CALL OU.T3X3 (IWRISAV)

* IF(JJ.GT.3 .5)CALL W~4X3 (IWRiISAV)
DO 12 JOC-ljJJ

12 BYTE (ILP(JC,N7) ,2)=ISAV(JC) ;Store low byte
L=nO

DO 130 J-lJJ
Do 130 J1>.1,5

IlARRMY ML -ILP (JE,JD)
130 ~ rr

IF (N6 .E.66. .AND.JJ. EQ.3) WRITE BInRY (12) I4ARAY
IF (N5 .EQ.67.*.AND.JJ.EQ.3)WRITE BINFRY (12) I3ARPAY
IF (145 .B.66 .. AND.JJ.BQ.4WRITE BINARY (12) I2ARMAY
IF(N5.EQ.67. .AND.JJ.EQ.4) WRIT BINARY(12) IlARPAY

13 OONTUE
C

C
C Put a border and title at the bottom of the picture
C

DO 15 JF-l,3
IF(SHDRF)WRITE BINARY(12)NC ;Space right twice
IF (SHI))WRITE BINARY(12)N ;E for short picture
DD 14 J01,W.1

* 14 WRITE BIn*M(12) IL ;Print aline
15 WRITE BInARY(12) LFPC ;Tvanlnate the line

WRITE BIWRY(12)LF And with a line feed
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16 WRITE(12,16)ATILE (1) ;Title picture
16 FOMAT(15X,S80)

- CALL RESET ;Close all channels
STP

C.
C Format statements.
C
C 16 FORNAT(' ',15X,'Signal Processing Laboratory, Air Foroe
C 1 Institute of Technology, Wright-Patterson AFB, O 45433<14>')

17 FORAT(S13) ;Filename format
18 FM*A('0') ;Double space for short picture
19 FORAT(S1) ;Query format
20 ACCEPTO Input error. Try again (YES/N)) > 0

GO TO 1
21 ACEPT" Input error. Try again (YES/N) > "

GO TO 4
C
C Set up parameters for shortened picture.
C
22 TYPE" The shortened (noise removed) picture was chosen.m
220 ACCFPrT Enter starting row (1-256): ",JSTART

IF(JSTART.LT.I.OR.JSTART.GT.256)G TO 220
ACCEPT" Numuer of lines to be displayed (255 Max)? ",N2~N2=MIN (N2,. (257-JSTART))
SiHJRI'=.7UE. ;Turn on short test
N1=63 ;Top and bottan border length
IF(N2.GT.232)N2=228 ;Number of lines displayed
N3-3 ;Location of left border
N4-65 ;Location of right border
N5=66 ;Location of line feed
N6-4 ;Length of lines displayed
IF(JSTART.EQ.l)GO TO 5
DO 23 J = l,(JSTART-l) ;Skip first (JSTART-l)

;Video lines
23 READ BINF (1) MW

GO TO 5

C
C********* Program PICTURE *
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SUMICUTDIE W3X3 (VIDPIDzMNPRN)

C

C Written by Lt. J.H. Cromer
C
C, This subroutine converts the video pixel values
C (i.e. an integer value from 0-15) to lineprinter
C dot matrix form. A 3x3 array pattern
C is formed by this subroutine. Dot pattern texture
C (distribution of dots) and average brightness are
C varied to create 16 pseudo-gray levels. Odd numbered
C rows of the picture created by PICRE use
C these 3x3 patterns.
C NOTE: The six least significant bits of each byte
C sent to the P-300 represent print hammer
C switches (i.e. a 1 turns the hammer on
C to print a dot, a 0 leaves it off). Bit
C seven must have a value of 1.
C (See the Printronix manual for further discussion)
C

INTGE VIDPIX,rL IE T (3) ,RIGEIPTTERN(3,16,2)
CC Note that right and left pixel patterns are
C not necessarily the sam.
C

DM PRTTERN/4*7,5,7,6,7,3,7,5,2"2,7,2,5,2,5,2,7,2*2,
$5,2,5,0,5,2,5,2,500,2*2,0,2*2,0,2,l,3*0,2,4*O,
$4*l70K,l5OK,l70K,l6K,l70K,l30K,l20K,l5oK, 170K,4*150K,
$120K,150K,120K,170K, 2*120K,150K, 120K,150K, 100K,150K,
$140K, 120K,llOK,120K, lOOK,150K, llOK,140K, llOK,lOOK,150K,
$2*lOOK,120K,7*10OK/

RIGI- (VIDPI.AND.15) +1
LEFIT=(ISHI'T(VIDPIX,-4) .AND.15) +1
DO 10 I=1,3

LInEPRINT (I) -PATTERN (It LEFT, 1) +PATTERN (I ,RIGHT, 2)
10 CONTNUE

END
C
C********* Subroutine WIT3X3 *

5t
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* ~~mwmi UW3(VIDPI&cLNmFINr)

C
C Written by Lt. Cramner
C.

ibTis subroutine returns lineprinter pixels to the
C calling program PICTURE, whichi sends video
C pixels (an integer fram. 0-15). Th pixel pattern
C returned is a 4x3 dot matrix array, to be used for
C the even rows of pictures created by PICTURE.
C (See CIUr3X3 .FR for mvre explanation).
C

INVIME VMhPIX,LINEPRINT(4) ,RIH, PATTERN(4 ,16 ,2)
DATA PATIEPN/5*75,77,6,7,73,3,6,7,5,5o,6,3,2,5,2

$3*5 2r2 5 50 r2l5r2r2 5r2r214 2 2 41214 200 1r
$4,0 10,2 ,l0*05*170K,150K,2*170160K,2*170K,2*130K,

* $160K,170K,150K,120K,2*170K,120K, 150K,l20K,3*150K,2*120K,
$150K,120K, 2*150K,3*120K,150K,2*120K, 1lOK,140K,120K,150K,
$2*100K,1501,1201,lOOK,1lOK,140K,120K,2*100K,
$120Kr2*10OKpl4O1,3*lO0Krl20Kr5*100K/

RIGHT- (VIDPIX.AW.15) +1
LEFL'z(ISHFI'(VIDPDC,-4) .AND.15)+1
DO 10 1-1,4

LINEPRIN (I) =PATI'ERN (I ,LEFT , 1) +PM'I'ERN (I p RIGHT , 2)
5.10 CNIU

C
C********* Subroutine an'4X3



APPENDIX D:

SCENE AND TEMPLATE SYNTHESIS PROGRAMS

This appendix contains the following programs:

1. REMOVE (UNPACK2, TEST3)

* 2. EVIDHIST (HISTPLOT)

3. NMO0VE (TEST, BLOCK, CHANGE)

4.* NEGATE

5. REDUCE

* 6. ToNm

89



-L T

C
C Program RENOJE by Lt Jim Cramer
C Fortran 5

* C.
C This program utilizes a 3x3 pixel umak function
C to remove noise from packed video files. The mask
C can be chxanged by modifying the Subroutine TESTI3.
C
C Execution Line Format:
C EWE inf ile outf ilel outf ile2
C All files are 64 block video files.
C
C Load Line Format:
C RIM RDIKVE TFSI'3 UNPACK2 IOF @FLIB@
C

* IagGER A(256) ,B(256) jC(256) ,D(256) ,VID130(256) ,FFI (7),r
$FILE2 (7) ,FILE3(7) ,ITIRESH(4) ,OXJNI(6,4) I,12 (256) ,WNoMI3N(7),r
$OM (256)

OOWt4 /MwJI/ ABrCDVIDUO
anmmok /CAI3/ THRESHajCOUNWr)1,WT

C
C 1/0 FILE MANGEME11
C

CALL IOF (3 ,MAINIL1 ,FILE2 ,FILE3 ,IXJMWMDUM,U IXJlM)
4 CALL 0PEN(lFILE1 ,2IER)

DELETE FILE2
DELETE FILE3
CALL CFILW(FILE2,2,IER)
aLL OPEN(2rFILE2,2,IER)

GU 'ILW(FILE3,2,IER)
CALL O~M(3,FILE3,2,IER)

C
C Eniter 4 threshold values
C

DO 101 1-1,4

TYPE"TRS(tIj" 0TRS I
101 OONTIE
C
C Set top border row values
C

OUL ~L FM (1,0,VMI,,IER)
IF(IER.NE.1)UIOP 0 RDBLK #0 error:",IER

DO 1 1-1,64
0W'2 (I) VIDIO (I)

1 OUT1 (I) -VIDBD (I)
CALL UNPAOK2(1)
a"L UNFA.O (2)

C
C St pixel value ch~ange counters
C

Do 10 1-1,16
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DO 10 J-1 r4

10 (CRMINUE

C, Operate on 64 blocks. Each call to ESI'3

C operates on 3 rows to output 1 row. Four calls to
C T7T3 are rmde for each packed block read.
C

DO 2 1-1,63
CALL T~'(ABpC,2)
CALL T'3(BCFD,3)
CALL FMLK(1,1,VDOp 1IER)
IF (IER.N.) STOP 0 EIBLK error *0,I," error:O,IER
CALL UNPACK2 (1)
CALL TEST3(CfDAf4)
G"L WRM(2I-lrX71'1,1 IER)

CALL NEU (3, I-1 WI2 F1 IER)
ChuL TT(D#,AfBl)

4' CAL UNPACK2 (2)
2 TYROE <15>Block PI," tested..

C
CALL T'(ABfC,2)
CALL T~ (BpCpDF3)

C
C Set bottem border row values

DO 3 1-193F256
OEMf (1) -VID (I)

3 OUT2 (I) -VIDCbO(I)
CAL IWK(2,63,WI'1,1 FIER)
IF(IMER.I)T!NO WinLK #63 error:*FIER

*CALL MU (363 OUT21, rIER)
C
C Write out # of pixels changed

t. C

DO 20 Jinl,3,2
DO 20 1-0,F15
WRITE (12 t1000) I+,I FOXiWl(I FJ) rI FI+l jnUNr (1+1 ,J+1)

1000 PONWQ' #OFI2,S reduced tonF13FO:FI5,w #0,12,

20 toMM
* Tf'EI <15><7>7>Program REZCIE finished.<7>1

ED
C
C**** Program VV ******************
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5UDmPINe T (FM1,K2AMP3I)

C

C (Called by IEWBE) by Lt Jim Crmer
C
C This subroutine determines the noise raoved
C output value of an input pixel by calculating
C some function of its 8 nearest neighbors, and
C comparing it with a user input threshold. Two
C methods of noise rewval are used; the output

. C arrays are OEM and OUT2.
C
C Packed video blocks hold 4 rows. The parameter I
C determines which part of the block that 0UT
C will be packed into.
C 1-1 -> pack Oir into elements 1-64
C i=2 -> 65-128
C 1=3 -> 129-192
C 1-4 -> 192-256
C

***** 1FWl (256) ,RO2 (256) ,RW3 (256) ,TEI (256)
INTGER TEMP2 (256) ,OCUT (256) ,0UT2 (256) ,THRESH(4)
INT""ER X CON(16,4) ,WCOLU1NSUNR D
LOGICAL TET
c OMM /XM3/ T1R SH0,'nUNr,WrQIT2

C
C Set border values
C:,:..TEMPI (1) -FOA2 (1)

"' TE'P ( 1) -ROW"2(1)

TEMPI (256) =ROW2 (256)
TE4P2 (256) ROW2 (256)

C
C Check each of the neighbors for a value of
C the interior pixel +/-I.
C

DO 20 0WLtMN-2,255
Nal

TE4PI (COLUM) -HOW2 (CIOLUIMN)
TET-R:X2 (OLU ) .BQ.0.OR.RW2 (WOLtN) .EQ.15
IF(TEST)GO TO 20
12-O2 (CO .MN) -3

I J-0
12-12+2
DO 5 Itms tU,-l),( (IAM*l)<,',,, IF (ROWI (M) .Q.I2) J-J+l

1F (ROW2 (K) .00. 12) J-J+l
IF (ROW3 (M) E0. 12) &-J+1

TE9T-J.GE.TH= H(N)
IF (T ST)TMI P (CXLtN) -12,.='" .', "",IP (TEST)MMXR (12, rN) -=W (12,oN) +1
IF (TER) O M 20
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* ~:-~IF(N.EQ.2)(D TO 1
20 aONINML

C. Caqare the average value of the sur round less
C the interior value with a threshold.

C DD 100 COLELRN=21255

TmI'=10q2 (OOLLU9) .O.0.OR.ROW2 (OLLUI) BEQ.15
IF(TW)Q) TO 100
SURRW~aM-l*10q2 (OOLTM)
DO 50 Na (WCUI-1) F (OOLWI+1)
SLWFDUND=SUROUNo4C1 (OOLUR4) +R0W2 (LUMN)

$+lRq3(OflLU4)
50 OOT1INUE

*AVEAG&FIDAT (SLMH10JW) /8. 0
* DIPP-AVEMGB-FLIcAT (RCe2 (OOLtN))
* I2-1FC2 (LUR4N) +1

I3=InV(AVPAE+0 .5)
14- (R0W2 (OOLU4) +13) /2
I5-mRX(I4,12)
16=M(14o112-2)
TEDIFF.GEI3WH (3)
IF (TEST) TEIP2 (OOLLU) =15

-IF (TEST) COW (5 , 3) -CW(15 3) +1
IF(TW1T)GO TO 100

IF (TES) TEIP2 (WLEUt) -16

100 ODITnUB

C Pack the noise removed pixels to WIrl,, WT2

N4--3

JHIGR-=JIOA+63
DO 200 J*JUC~lJHIGI

OEMf (J) -ISEIFI (TEMI (N) ,12) +ISHFT (TEMPI (1*1) ,8) +
$ ISEFI!(TEMI1(M+2) r4) ITEMP1 (M3)

W12(J) ISHFT (TEP2 (N) ,12) +ISHFT (TENP2 (M~) ,8) +
20$ ISHET (TEMP2 (M+2) 14) TEMM F(M+3)

REVJRN

C******** Subroutine TE913********************

93



* C
C (Called by R~EMOVE) by Lt. Jim Cramer
C.
C if I-1 - The first two rows of a packed
C block are unpacked into arrays
C A and B.
C Else -> 1he last two rows are unpacked
C into arrays C and D.
C
C (See the unpacking subroutines for
C further explanation).
C

INZEGER A(256) ,B(256) ,C(256) ,D(256) ,VMhEO(256)
CUomw /CO2/ABCDVD

C
IF(IEQ.1GO T 3

C
L'-3
DO 2 K.'1290,192

C(L) =l5.AND.ISHT(VI=EO(K)l,-12)
C (L+1i) =15 .AND. ISFE (VIDIO (K) F-8)
C (1*2) =15.AND. ISHFT ( VIBO(K) ,-4)
C (L+13) 15 .AND.VIDEO (K)

YD (QL)15 .AqD. ISHET (VIDO(K+64) p-12)
D (1*1) =15 .AND. ISHET (VID(K+64) r-8)
D (1*2) -15.AND. ISEFPT (VIDEO (K+64) r-4)
D (L+3) -15.AND.VIEO (K+64)

2 CONtTIWtE
Go 'To 6

C
3 I--3

DO 5 K'l,64

A(L)-15.AAD.ISHFT(VIDO(K) r-12)
A (1*1) -15 .AIU). ISEFT (VIDGO (K) r-8)
A (1*2) u'15.AND. ISHET (V=80O(K) r-4)
A (1*3) -15 .AND.VIDEO(K)
B (L) 415.AN. ISHE (VDIO(K+64) ,-12)

B (L+2) -15 .ARE). ISHFT (VIDUO(K+64) p-4)
B (1+3) -15 .AIE).VIUO (K+64)

5 aONTiMUE
6 nmm

C
C********** Subroutine UNPAK2

94



... C

1C Program EVIDHIST Written by Lt. Jim Crcmer
1C Fortran 5
C.-
C This program calculates a histogram of the 16 gray levels
C of the input video picture, and types the results on the
1C CRT and/or lineprinter in tabular form. A plot can be sent
C to the lineprinter if requested.
C
1C Execution Line Format: (run VIDHIST on the NVA)
1C EVIDHIST
C
C Load Line Format:
C MRM EVIDHIST UNPACK HISTPLT O T5 .IB @FLIB@
C A link to PLOI5.IB in DP5F:CANLO should exist or
C be created before loading.
1C

REAL VALUE(0:15)
INTER INFILE (7) ,IARRAY (2048), IUNPACK(8192)

C
***** I/O FILE MAN ENT *

C
1 ACCEPT"Enter name of video file to be evaluated

$ -> a

READ (11,1000) INFILE (1)
1000 FORMAT(S13)

* CALL OPEN (I, INFILE,l, IER)
IF(IMER .I)STOPIILE OPEN error #",IER

1C
******** INITIALIZE rITA ********************************************

C
DO 10 I=0r15

VALUE (I) =0.0
10 COMTINIE

1C
C******** PROCESS MIE PI'TURE **
C

KK=8 ;This variable determines the # of blocks
;read at a tine. (Maxinum=16, if array
;sizes are increased.)

LL=64-KK
DO 100 J-0,LLKK

CALL MLK (1 ,J, IARRAYKK, IER)
IF(IER.NE.I)TYPE"1RDBLK #",J," error:NIER
ISIZE-256*KK ;256 words/block
CALL UNPACK (ISIZE, IARRY, IUNPACK)
IMAX-ISIZE*4 ;4 pixels/word
DO 50 1,IMAX

IP-.-IUNPACK (I)
VALUE (IPIX) -VALUE (IPIX) +i.0

50 0MN!DfE

95



c
C****** Print the histogram
C
100 CMVHDME

TYPEO<15>0
TYPEOWhere should the histogram table be printed?w
TYPEEnter 1 to send to lineprinter,, 2 to send~ to CRT,N
TYPE "or 3 for both; any other integer to continue.-
ACCPFw<11><1>Enter integer option -> ", IopT
TYPEO<15>0
IF(IOPT.LT.1ORIOP.GT.3)CG) TO 160
IF(IOPr.EO.1.OR.IOPr.BO.3) ICH=12

110 IF(IOPT.EQ.2)ICH-10
IF(ICH.EQ.10)WRITE(10,5000) INFILE (1)
IF (ICH.EQ.12) WITE (ICH,2000)INFILE (1)
MO 120 J=0O,7
JJ=J+8
WRITE (ICH,3000) j,vALUE (J) ,jj,vALUE (jj)

120 OflNTD=~U
IF (ICe.EQ.12)WRITE(12,4000)
IF (IOPr. EQ. 3) IOP1%=2
IF(IO~r.EQ.2.AND.ICH.EQ.12)GO) TO 110

*160 TYPE"<15>"
c

C***Plot the histogram *****

TYPE"Enter 1 to plot histogram on linepr inter,, any
ACCEPT "other integer to oontinue: H I
IF(I.NE.1)GD TO 200
CALL HIb"TPWT (VALUE,, INILE)

C*** EXIT program or start over

200 CALL R~L'I'
2000 FOR~W(///////27X," <10>HISTOGRAM OF -,S13,/259X,

*-3000 FON4AW(18X,"* # of level",12,":",I5,5X,," # of level"r13r":",I5)
4000 FORMAT(N'0)
5000 FORMATr(//27X, "HIS9TOGRAM OF ,fS13,/)

TYPE" <15>"
ACCEFr"Enter 1 to evaluate another file, any other integer

$ to stop: ",I
IF(I.BQ.l)GO To 1
STOP
EN~D

C********** Program EVIDHIST
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SUBROUTINE HISYPWT(VALEr M .ILE)

C
C Written by Lt. Jim Cramner
C This subroutine plots the 16 element array VALUE
C jseed to it as ahistogram. It is called bythe
C program EVI1)HIST.
C

REAL VALUE (0: 15) rflI.LE (7)
REAL X(481) ,Y(481)
Y(1)=.0
K=i
X (1) -0.25 ;X-axis starting point

C
C**** Create the arrays to be plotted**************

VNDF9=6t- 3 1# pixels/100

1 CCEPr"Enter histogram level to be supressed
$ (999 to continue): IISJPWRSS

IF(ISUPPRSS.EQ.999)Gfl TO 3
IF (ISUPPRESS.LT.0 .OR.ISUPPRESS.G.15)TYEINPT ER1~RR<7><15>n
IF (ISUPffiESS.LT.O .OR. ISUPRESS.GP.15) Q) TO 1
VNIJ4VNDF*~-VALUE (ISUPRESS) /00.0
VALUE (IS9UPPRESS) =0 .0
GO TO 1

*3 DD0201I=0115 ;do16 values
DO0 5 J-l,15 ;determanes width of bars
K=K+1
X (K) =X (K-i) +1.0/30.0
Y (K) =VALUE (I) /*vtWJ4

5 coNTINUE
X (K-i5) =X (K-14)
M) 10 J=16 ,30 ;determines spacing betwieen bars
K=K+1
X(K)-X(K-1)+1.0/3G0O
Y(K)=O.0

10 OOMMMr.
20 CnwI'NtE

C
C Find end of input filenamre,, then insert blanks after it
C

Do0 30 J-2,13
IF ( (BYTE (INFILE ,J) ) EQ.0) BYTE (INFILEoJ)=32
IF ((BTE(INFILE, (J-1) )) BEQ.32) BYTE (INFILE1,J) =32

30 cvt~rINUE
Y (480) O.0

4 X(480)-16.0
XAX-5.0 ;set X- and Y-axes length

* YAX4.0

* ---- . ***** Plot the arrays**********************
C

TYEPleas wait while a plot is generated (50 secs).0
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itCALL PLOIS (0,6)
CALL PWT(l.5,5.0,-3)

N CAG" ASMAL(X,XAX,480.l,FXrDX) ;scale the arrays
0"L ASCAL(YYX480,1,FYoDY)

C.
C Title the axes
C

CALL AXIS (0.0,0.0, PIXEL VALLE,-ll ,XAX,0.O ,FXFiC)
CALL AXIS(.0,.01,PERCENTAGE OF EVALrhTED

$PIXELSj30YAX,90.0FYrDY) ;vertical axis title
CRUL ALINE (XY,480 1110,1 FX,LCC,FY,,DY)

CAL
CAL Til T0O0O 9 therx topieotne

C
a" Subro0.14tine .2 "HITTOGA OF*********************

CALSM.(.4..02DIZF.r3
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C
C Program TONER Written by Lt. Jim Cromer
C
C This program will convert individual pixel values
C of an input video file into new values assigned by
C the user. It can be used to adjust gray-levels
C (i.e. histogram equalization), increase contrast,
C display selected pixel values, create "negative im-
C ages', create files of a constant gray-level, and for
C many other purposes. (NOTE: The program EVIDHIST can
C be run to generate a histogram of any VIDEO file.)
C
C Execution Line Format:
C ETM
C The program will ask for the input and output
C file nanes, and the new pixel values.
C
C Load Line Format:
C LIR TONER TIMER UNPACK REPACK @FLIB@
C

INTEGER NEBALUE (0:15) ,INFILE(7) ,CUTFILE(7)
IN09ZR PACKED (4096) ,UNPACKD (16384)
ISTART=0 ;start timer
ISTOP=I ;stop timer

C******** USER INPUT OF VARIABLES *

C
ACCEPT"Enter nane of video file to be toned -> '

READ (11,1000) INFILE (1)
ACCEPr"Enter name of output file ->
READ (11,1000)IUTFILE (1)
TYPE'<I5>',nEnter new pixel values<15>0
TYPE' N0TE: Leading zeros are significant, i.e. enter'
TYPE' a e' as '01', enter a '2' as '02', etc.<15>'
DO 1 J-0,15 ;16 gray-levels

WRITE(l0,2000)J
READ (11,3000) HDIVALUE (J)
IF (NEALUE (J) .LT. 0.OR. NUAVALUE (J) .GPo15)

$NVALUE (J) =15
1 (O:TINIE

CUL TIMER(ISTART)
C
C******** I/O PILE MAGEME *********************************
C

CALL OPEN(1,INFILElIER)
IF(IER.NE.l)TYPE'INFILE OPE error #',IER
CALL DFILW(OUTFILE, IER)
IF (IER.ME o i .AND. IER. NE. 13) TYPE 'ITFILE DFILW

$ error #*,IER
C;LL CPILW(OITFILE,3,64,IER) ;create a contiguous file
IF(IER.EQ.41)MLL CPILW(WIYILE,2,IER)
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L IF(IER.NE.l)TYPO~w0=ILE CFILW error #,IER
CALL OPEN (2 ,WIFILE 3 , IER)
IfIER.NE.)TPEROMILE OPEN error #8,IER.

C
C**** RE-flNE TOE PIMIUE
C

DO 3 J=0,48,16
CalL RMBLK(1 JPACKED,16,IER)
IF(IER.NE.)TYEORDLK #O,J,. error:",IER
CALL UNPACK (4096 ,RCKEDUNPCE)
DO 2 1=1,16384 ;do 1/4 of picture

UNACKD() =NALUE (UNPACKED (I))
2 COlNTINUE

CALL REPACK (4096 ,UNPACKED,FACED)
CALL WBK(2,JPACKED,16,IER)
IF(IER.NE.1)TYFwWMNLK #"#J," error:,IER

3 COrNTE
C
C Send message to CRT terminal
C

aLL TIMER(ISTOP)
WRITE(10,4000)OUTFILE(1)
TYPE"<1W>3,lave a nice day!<7><15>

C
C******* WRITE NEW TONE VALUES TO THE LIEPRINTER
C

WRITE(12,5000)
WRITE (12 r6000) INFILE (1) ,CUTFILE (1)
DO 51-=0,15

WRIT(12 r7000) I ,NEWYALUE MI
5 CONT'INUE
1000 FORMAT(S13)
2000 FoRmATr( Ch~ange old pixel valuew,13," to ?0)
3000 EK)MdW(12)
4000 FOPMA(" The toned picture is in the file -> w,S13)
5000 FORM (//////26X, " RESUIWS OF' TCME<0>/

$26X0," UII
6000 FOIEA.(1OXK Input file -> 0,S13,/lOX,- Output file

$-> -rS13r//20X,"w0L PIXEL~jl0XrNEW PDM'r~/20X,
700 ,lOXi 3/)

7000 F0M (23Xp12jl7XrI2)
* CALL RESET

END
C
C****** Program TONER *********************
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C
C Program R4WVE Written by Lt. Jim Crcffer
C Fortran IV 16 Augl1982
C.
C This program will place the video information in the win-
C dow given for the template (inptfilel) inside of the
C window given for the background (inptfile2), and write
C the combined picture to the outputfile. The window nay be
C placed anywhere within the background, and may be taken
C from anywhere within the template. Window width, length,
C and position are input by the user.
C
C Execution line format: (on the NM% only)
C ivenf (run D iE on the siefthE)
C
C Loaer comand line format (tNOA only):
C RE MIVE TEST BCK CANE M X XRDBLK
C EREACK REPACK EORTLB
C

C
I--'EGER IPAR(2) ,INFILE1 (7) ,fIFILE2 (7) ,OUTFILE (7),

$.L:LST LS r Pr !BTLFTC(B (1024) ,TEtP(1024) ,BACK(1024) ,WITH TB'" "" eXMI3tLIgT1/OCM, TDP,a L, TIS
II aMO/LIST2/LW1,wnMT

C
C
C ***** * 1/O FILE MANAGME *
C

TYPEO<*5>","Program MOVE is to be run on the NOTA onlyR
99 TYPE*<15>", ************************************************

ACCEPTr Enter template file name: *
*:-' READ(11,1000} INFILEl(1)

ACCPT<I5>0,0 Enter background file name: 0
READ (11,1000) INFILE2 (1)
DO 999 J-1,7

999 WI'ILE (J) =INFILE2 (J)
ACCEPfl<I5>=,O Enter combined output file name:*
READ (11 ,1000)OUTFILE (1)

1000 FOMMIIT(S13)
CALL OPEN (1,jINFILE ,2,IER)
IF(IER.NE.1)TYPE" Channel 1 OPEN error:u,IER
CALL OPEN(2, INFILE2,2,IER)
IF(IER.NE.)TYPE chmnel 2 OPEN error:,IER

-'. ICOUNT=0
DO 1002 J-1,7 ;check for E 9UND<MINI

1002 IF (O(TIIZ (J) .BQ. INFILE2 (J)) ICOUr-ICDUN+I
IF(ICXUNr.E.7)cD TO 1
H13-3

CALL ,FIM(WILUrIER)
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IF (IE.NE.l.AD. IER.NE.13)TYREOW1YILE DFILW error:", IER
G"L CFIJW(OI7IYILE,2,IER)
IF(IBR.N.1)TYPE" CFIL error:",IER
all OPEI(CH3 ,WI'FILE,24ER) ~B ro:,E
IF(IER.)TYPE" Channemi PNero:,E

C
C
C**** ENT'ER WINDOWI PARMET ERS

1 ACCEPT<5>00 Enter top row of template window (1-256) :0,TP
ACCEPT8 Enter left column of template window (1-256) :",TLEFT
ACCEPT" Enter width of window (1-256) :',WflYIH
ACEPT* Enter length of window (1-256) : N,LENG7H1

C
C The callsto TETceck tosee ifthe inptparameters are
C legal, and modifies them if necessary:
C 0 <TOP <257, (TOP + 1MM) < 258
C 0 <LEFT <257 v (LEFT +WIDTH) < 258
C

CALL TESr(TTOP,1LMF)
ACEPn<l5>. Enter top row of background window (1-256) :,COP
ACEPT" Enter left column of background winow (1-256) :,Q 1 EF'r
CALL TEST (CrOPCLEF)
CZALL BLK(mTBL mK,?TB1 ,iTIS1L1ITTITLEEFT)
CALL BICK(MLOCKSIC,C~L SCO,CITP,[)

C
C Determine ol~un numnber of the last video row (0-3)
C

J14W (LENG1TI,4)
TSTOP-1VD (TCXX*J1) r,4) -1

IF (CTO. BQ.-1) CSTOIP-3
IF (TSTOP. EQ. -1) TSTOP-3

C
C Determine the last significant block of window
C

T3TW94IBDCKs-1
C
C User check of window parameters
C

TYPEOTEPLATE 1TOP Rf- ,T OP," BARWXJNI= W ROO--,CEOP
TYPEOTDIPLqATE LEFT COLUNI= ,'IIS, BN1MROUND LEFT WOLEMt

AOCEPTOEnter 1 to see expanded set of variables, any
$ other integer to continue: *,I

IF(I.NE.l)GO TO 5

TYPEO PARAMETER TENHATE BMWIJOMV

A-TYI'N<15># TCO ~f UTI~rop

TYPE<15>, S7% (OL # 015 w,~IOP
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TYPE<1> FIRST BLCKTBlFCBlTYPE<5>, .=UM BCK O,Tr_.BB

TYPE<15>8 t # OF BWCEGS",Tha0CMj.. LDS, 1~~TY]PB =< .5> =  a rm ' (MX "I , ,i ..

TYPE<15>, wmLra7f= *,I1a T
TYPE<15>11 IMEnI=.4aNGM

ACCEPT" Enter 1 to try another set, any other integer
$ to continue: ,I

IF(I.Q.1)G TO 1
C
C
C****** Create the combined picture *
C
5 ICIUND=0

IF(CH3.BQ.2)GD TO 20 ;If combined picture file
is the same as the back-
;ground picture file, then no
;need to write to itself

* C Write background only blocks (before window)
C to the combined picture file.
C

JMAX=-M-l
IF(JMAX.LT.0)G0 TO 20
DO 10 J-O,JNAX

CALL LK (2,J,BACK,1,IER)
IF(IER.NE.I)TYPEN 2F1MK,J," error:,IER
CALL VBLK (CH3 ,J, C0 B,1,IER)
IF(IER.NE.1)TYPE WRBLKJ," error:",IER
ICIUNIIOJNM~

10 CONTINUE
20 TYPE" Background before window completed.0

TYPE" # Blocks written:IICOUMr
C
C
C . . . Overlay template window onto background . . . .
C

-aLL XRLK (1 ,TBl,TEP, 1, IER)
IF(IER.1.j)TYPE'=IMsLK #',TB1, error:"UIER
aLL X LK (2,C1 ,BACK, ,IER)
IF(IER..E.1)Tr"2FdVK P,011 error: ",IER
N1-o0L j4-MAX(NIN2) gives the number of rows
N2COOL ;to change before the next RDBLK
IF(TWOL.GT.CW3L)GO TO 100

~C
C
1C There are four columns in the packed video array (64x4),
C designated 0, 1F 2, and 3. If the teaplate starting
C column number is less than or equal to the background (combined)
C starting column number, then the background block will be "used
C up" before the template block. Ohen the background block is
C finished, a WM is done, and the next background block is read

" _ ." C When the template block is finished, the next template block is
C read, but no WMLK needs to be performed. Note that the back-
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C ground and coumbined files are always at the sam block number.
C

CALL X~MLK(CH3 C,COIMB, 1,IER)

c IF(IERJ.1E.)TYPEN WPBLK #jC~l,* error:,IER
C

C TB=MIl

IINMC+1

INAXCB-1
IF(IMIN.GI.INAX)GO TO 60
DO 50 I=IMINIMAX

CALL XRBLK(2I,BACK,lIER)
IP(IERNE.)TP 2F4MZ *,I, error:,IER
CALL CHNE (3,N NL)
G"L XRDBLK(lThTEMP,1 ,IER)
IP (IER.NE.1) TYPE* lRDBLK VTh," error:u,IER

CALL ~MLK(CH3 ,I,014MB~l IER)
IP(IERJNE.)TYPER WRL# F.IFO error:,IER

60 TYPEn TCOL.L.ClOL-Window portion complete.*
TYPE" # blocks written:,IIJNT

C Inthiscase the template starting column ntumber
C is greater than the background starting column number.

*-C The template block must be Ofinished' first.
C

100 a"L CHANGrE(laN2gw) ;finish TEMP block
TB'M+l
IMx-aLB-l
ICIOUN1'-0
IF (Cal .T. INAX) TO 225
DO 200 I=ClIM~

C0L XRDBK(1,TBTEIP,1 IER)
IP(IER.M.1)TYPEN 1RMLK *,lTBO error:m,IER
CALL CHANGE(N2#,N2,NOL) ;finish BACK block
0"L JuMK(a3ICIB,1 ,IER)
IF(IER.l.)TYPE WLK #O,I,l error:,IER

IBLK-I+1
ChLL XUNKW(2IBLKDAC,1,IER)
IP(IERjI.1)TYMN 2MBLK #NTh[JC, error:,IER
CALL COANE(NaN2,w.l) ;f inish TEMP block

200 TBmTB+1
225 TYRTE L.G.CIDL-Window portion oomplete.0

TYPEO # blocks vritten:0.I0UN1
C
C
C - -- --- -------------- -- -- -- -- -- -- -- --
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C
C If the ombined (background) stopping coilumn nuber
C is greater than the template stop oolwmn number,, then the
C second last template block (I21B-'IB-l) must be read (i.e.
C there are more video rows to be chianged in the last back-
C ground block than there are available in the last template
C block to chiange than to) . If TSIEV is greater than or equal
C to C31,then there are sufficient video rows available in
C the last template block to complete the last
C background block to be changed.
C

250 IF(CSTCP.G1V1S~TE)GO To 400

CALL XWBLK (1 ,TIBTEP,l , ER)
IF (IER.E.l) TYPE 1R1BLK *, !B, error:",IER
CALL CMBLK(2,B,AC,1l,IER)
IF (IERNE.l)TYRN 2MBLK Vra," error:*,IER
Nl=3-CS1VP
N2=0
CALL aQWEE(Nl,N2z41) finish BACK block to CSTCP
CAL XGMELK (CH3 ,a8, fMBrl, IER)
IF (IER.NE. 1) TYRO WRBLK #OjaB," error:",IER
TYMO CSVP.LT.TSTOP-last block of window complete.-

* GO TO500
C
C Complete the last block of the window
C NO)TE: CSTCP is greater than MTP Itierefore finish
C TENP before BACK.
C

400 Ml CTM-
CALL XRDBL(2,aBBACKlIER)
IF (IERE.) TYRO 2FMBLK #",aCBs,' error:lIER
12L8=B-o--l
0"L XRDBL(l,121BTER4P,,IER)
IF(IERNE.1)TYRN l1MBLK Pji2IB error:"pIER
N1-4-MOL
N2-0O
CAL QWWE(W.,jN2pW.) ;f inish TEMP block
CaLL XBLK(1l,TLB,TEHPtl IER)
IF(IERd..)TYRO 1RDBLK #",'l'LB, error: ,IERt

CALL QaWE(Ml ,N2,N1) ;finish BACK block to CSIP
CALL X1FML(H3,aB,O M,1 ,IER)
IF (IER.N.1) TYRO W7BL.K #RFCB, error:OER
T!FEO CSOP.GTST0'P--Last block of window complete."

500 IOJW~rNl
C
C Finish the combind file (background only portion)
C

JMIn-08L+l
IF(314N.GI.63)Q) TO 601 jif finished S1W

7IF(a13.uQ.2)GD TO 601 jif (DMIND-AGROUN, S"1M
DO 600 JJMN,63

CALL F1MBL(2JBrlrIER)
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IF(IER.Nu.)TYPEO 2R[EL #.,J, error:,IER
CalL WJK(013,JCX06B, 1,IER)
IF(IER.1C.)TYPEN WMLK #,J," error:'IER
IcxOUm'-IOOUNI+l

600 CONlRITE
TYPEO Finished background only portion.*

601 TYPEO # blocks written:pICOJ~
TYPE<5>N<7> 0<5>0 Program 1NIVV execution omopleted. <7>"
WRITE (10,2000)CIJTFILE (1)

2000 FOMAT(w The acmbined picture is in the file -> ,jS13)
C
C
C*** Present option Menu ****************
C

GO TOQ 2010

2002 TYEN<15>w,uwInput error. Try again."
2010 TYE15

TYPE6<15>w,"Whatt next?<l5>wjHere are the options:0
TYPEw 15>w?<11>1 - Try another set of window values-
TYPE<5>,F'<1l>2 - Start over with new input pictures"

C TYPE<15>,<11>3 - Display ombined picture on the video monitor"
TYPE<l5>wr-<l1>3 - Save combined picture and STCP<i5>-
ACCE1"Q1l>Enter option -> ,IOPT
IF (IOPr.LT.1 .OR. Ior.GT.3)0 O f 2002
IF(IOFP.EQ.1)cXO TO 1
CALL RESET
IP(IO~r.EQ.2)90 TO 99

TYPE <15> ,8Check monitor - - Press green CHOPS control
$button to ontine.0

IDCNI'=4
IPAR (1) -9999
IPAR (2) -0
WRITE (10,3000)(XJTFILE (1)

3000 FORIAT(0wrPicture being displayed -> 0,S13)
C CUL HANNE(0j,0,3,0,0 r'V,0,0 ,IErIS) ;call abort

C CALL CHANNEL(3 11 j2 o1IMCTsOUTFILEj64,0 IPAR,IERR.4SYS)

TYPE* <5>0 CANNEL currently not loacied.0
TYPERUse VIDEO to display comnbined pictures.C15>*
CALL OPEN(1,INFILE12,IER) ;re-OPEN channels
IF (IER.NE.1) T'PE'C11 RE-OPEN ERROIER
CALL OPEN(2,INFILE22IER)
IF(IER.NE.1)TYPEOC12 RE-OPEN ERRR:,jIER
IF(CH3.E.3)CALL OPE(3,W1'FIL,2,IER)
IF(IER.N.1)TYPERCH3 RB-OIPIE ERROR:w,IER
GO '1O 2010

C
* C******* Program tVVE
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TELS (TOP,LEFT)

C
C Subroutine WMs checks to see if the input parameters
C to program NNMV are legal, and modifies then if
C necesary. (It is also called by DISAN.)
C

ctA6VNLIST2/UMM,n = ~~
IF (LEFI.LT.l .OR. LEF.Gr. 256) LEFI'
MAMIUfl=257-LEFT ;picture has 256 colums
IF (WI nI.Gr.MAoflMT.OR.WIIlH .LT. 1)WMH WIMfI4@GIH
IF(70P.LT.l .OR.TO~P.G1.256)TP1
MAXLNGH=257-MIP ;picture has 256 rows
IF (LEM L.UMVMOR IZ .LT.l) LaMGMn-XUaMM

C
C********* Subroutine 7EST*********************
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C
C Subroutine BLDCK determines the total nmbter of blocks to
C. be read into the window, the first block to be read,
C and the first video row *column nuber. This subroutine
C is called by' NOE.
C

INTE1GER BD=l ,WLEJNjTCPR4AINRWfl1H

BLDQ-INr((T1-)/4.O) ;4 rows per block

LEFTIDmB=LEFT

Kl-LENGTm+3
NLJBWCKSIN(/40) wc)uaw~~

IF (REMIN~DER. EQ.32AD OENG.2 NMLCS-LMD1~
IF (RDIAINIJER.EQ.O .AJND.COLrJGN.GT. 0) NUSBWCKS-ImUMbLOC+1
IF %(NUIBL0CK.Gr.1) REURI

T %'ARIfl: # Blocks to be read = , NUIBWCHS
PAUSE

'I END
C
C************ Subroutine BLOCK*******************
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~BCINE MM~E (MN MAT TA RTA)

-. C
C Written by Lt. Jim Cromr
C Subroutine CI( E changes the corresponding background

(i.e. the combined picture) pixels to template pixels;
C it is called by the pogram NKWE.
C

INI!GER CMB(1024) ,TE!P(1024) ,Q:LS, CS,: ATSTA ,WIM:H
COMON /LIST2/ LEMGBTwPW

C
DO, 2 J=JMIN,3

K--TT *256+7,S ;Set left side of input(teuplate
M=C(:jmr*2564+LS ;and output (combined) windows.
IMAX-=K+WIIT-l K(:2ange values over the width of window
DO 1 LKrEMAX

CMB (N) u'1E24P(L)
1 M=M+l

'ISTART=TSWTP+1
2 CSTART-CSTART+I

IF(CSTART.BQ.4)CSTART=0 ;reset row-pointer if necessary
IF (TSTART. BQ.4) TSTIART--0
RETURN

C********* Subroutine QAGE *
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.~ . ..~7 C

C Program NEGATE by Lt. Jim Cromer
C Fortran 5
C.
C This program writes to an output video file the "negative"
C pixels values of the input video file (i.e. dark pixels
C become light, and vice-versa). It will also "flip" the
C picture about its horizontal axis (i.e. turn it upside down).
C
C Execution Line Format:
C NEGATE[/F] infile outfile
C The /F is chosen if the picture is to be reversed
C horizontally. The program can be run twice to produce
C a horizontally flipped positive image.
C
C Load Line Format:
C RLDR NEGATE IOP UNPACK REPACK TIMER @FLIB@
C

ITGRINFILE (7) ,CUTFILE (7) ,GS (2) ,NEW(1024) ,CLD (1024)
INTEGER VIDEO(256) ,1UMMAIN(7)

CC******** 1/0 FILE MA************************

C
C

CALL IOF (2 ,MAN, INFILEOUTFILE, DUM,,GS DMUMIDM)
CALL TIMER(O) ;start timer
OPEN 1 ,INFILE
DELETE OUTFILE
CALL CFILW(OUTFILE, 3,64, IER)
IF (IER.EQ.l)TYPE"Contiguous file created"
IF (IER.EQ.41) CALL CFILW(CNTFILE,2,IER)
IF(IER.NE.I)SIP " Random file creation error
OPEN 2, CXTIILE

C
C******** Test switch and set variables * ********** *
C

IF(GS(1) .EQ.1024)QG TO 1 ;test global switch
TYPEO Creating negative video file only.W
11=0
12=256
13=512
14=768
GO 70 2

1 TYPE" Creating negative and horizontally flipped video file."
I1=768
12=512
13-256
14-0

C
C******** Loop around the next section 64 times
C to process the entire picture *
C
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2 DO 4 1=0,63 ;do entire picture (64 blocks)
IF(I1.EQ.768)K-63-I lfflipped, start at bottan of infile

IF(IERjNE.1)TYPE RDBLK error #:O,IER STOP
GUL UNPhCK (256 ,VIEOCLD)

C
C Negate pixels,, and re-arrange if required.
C Workon 4 rowsat atium.
C

MO 3 N4,r256
NEW(N) 45-OLD(N*11)
NEW (N+256) =15-OLD (N+12)
NEW(N+512) =15-OLD (1*1I3)
NEW (N4-768) =15-OLD (N*14)

3 ()NTIUE
CALL REPACK (256 ,5jNE VIDEO)
a"L WFBLK(2,1,VIDEOlIER)
IF(IER.NE.1) STOP* WNZ error #OIER

4 CONTINUE
C
C**** write cxxpletion message to CRT
C

CALL RESET
CALL TI14R(1000)
WRITE (10,5)CXJTFILE (1)

5 Fon~ The negative picture is in the file ">,S13)

C.
C******* Program NEXAE



C""C Program RWUM Written by Lt. Jim Cramer

C.
C This program reduces a 256x256 pixel video picture into
C a 128x128 array by averaging 4 pixels into 1. The
C reduced array is placed in the upper left-hand quadrant;
C all other pixels in the output picture are made white for
C display purposes.
C
C Execution Line Format:
C R UCE infi le outfile
C Both the input and output files are 256x256 video files
C (i.e. packed integer form, 64 blocks per file).
C
C Load Line Format:
C RLDR REDUCE IOF TIMER UNPACK REPACK @FLIB@
C

GITEkER JDPACKE (4096) ,OIELUNPACK(16384) ,NWUNPACK(8192)
INTEGER NEWPACKED(2048) ,INFILE(7) ,OUTFILE (7) ,MAIN(7)
COMM C LDPACKEDCJNPACK
EQUIVALENCE (OLJNPA K,INUNPACK) , (IEPCKDOaDPACKD)

C
C
C******** I/O FILE MANAGEMENT!* *
C

CALL IOF(2,MAIUN,INFILE,WTFLE,IlI2, I3, I4, I5)
- CALL TIMER(0) ;start timer
:" CALL DFIIM((XUTFILE, IER)

IF (IER. M.1 .AND. IER.IN.13)TYPE"X7ThFILE DFILW error:O,IER
CALL a'ILW(O!IrFILE, 3,64,IER)
IF (IER.ED.41) CALL CFILW(OUTILE,2 ,IER)
IF(IER.N.)TYPE"(UTFILE CFILW error: ,IER
CALL OPEN (1,InFILE,IIER)
IF(IER.M.1)TYPE"INFILE OPEN error:",IER
CALL OPEq (2,0C1TFILE,3 ,IER)
IF(IER..1)TYPEOXJTFILE OPEN error:",IER

C
C Process the picture
C

DO 400 M-0,3
MlmM*16 ;RiBLK counter
CALL FLK(U,M1,CXDPACKEDl6,IER);read 64 rows
IF(IER.NE.1)TYFE*RBLK r,M1," error:",IER
CL UNPACK (4096 ,CLDPACKEDC1LDUNPACK)
K-0 ;new row counter

C
C This section reduces 64 rows of 256 elements each into

" C 32 rows of 128 elements each. It executes this function
C 4 times so that a total of 256 rows are reduced to 128.
C

".O 300 J-1,32 ;create 32 new rows from 64
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DO 100 1-1,128 ;create 128 elements/new row
"-K*2 ;old row 1 counter

LL-L+256 ;old row 2 counter
:'" AI. :UN,£CK (L-1)

A2-:.NPACK (L)
A3-CJ)UNPACK (Lit-1)
A4=CDNPACK (LL) ;average the 4 pixels
NENUACK(K) -IFIX ((Al+A2+A3+A4)/4.0+0.5)

100 CTXDIDME
IMIN=K+1
IMAX=K+128

DO 200 I=IMIN, IMX ;finish video raw
200 NEWKUNCK(I)4I5 ;set pixels to white
300 K=K+128 ;jump to next row

CALL REPACK (2048,NFutTACKNOWPACRED)
M2-MI/2 ;write one-half the #of blocks read
CALL WMLK (2 ,M2 ,NrEPCKED,8, IER)

400 IF(IER.NE.1)TYPE"WRBIZ #,M2, error:",IER
C

C
C Set the rest of the picture to white (15) for the most
C aesthetic display. These pixels are later set to zero
C by the program NORMALIZE.
C
500 DO 500 J=1,4096
500 JDPACKD (J) =177777K

DO 600 J=32,48r16
CALL RBLK (2,J, CDPACKED,16, IER)

600 IF(IER.NE.1)TYPE"WRBLK #",J," error:",IER
CALL TIMER(l) ;stop tiner
WRITE(10,700)COITFILE(1)

700 EOF44AT(O The reduod picture is in the file -> ,S13)
CALL RESETS OP
EN4D

C
C************* Program M ****************************************

-1.

,r2

4;,
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APPENDIX E:

* CORRELATION IMLEMENTATION

This appendix contains the following programs:

1. NORMALIZE

2. CMULTIPLY

* 3. IMULTIPLY
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C
C Program NORWLIZE Written by Lt. Jimu Cromer
C Fortran 5
C
C, If switch 'U' is chosen:
C This program normalizes the upper left quadrant of an

*C input packed video file into twenty-four (30 column by
C 20 row) normalized grid blocks, with the average sum
C of the squares of the normalized pixel values per unit
C template window area equal to one (assumes a 23x47
C reduced template window).
C
C If switch ILI is chosen:
C The entire lower right quadrant is normalized to give
C it an energy of unity. Switch L is usually used to
C normalize templates.
C
C Otherwise:
C The program will ask the user to input the numb~er
C of horizontal and vertical grid rectangles.
C Choose from:
C Horizontal -> ,2,3,4,5,6,8,10,
C 12,15,20,24,30,40,60,120
C Vertical -> 12,3,5,6,10,15,30
C
C The output file is a 256x256 element
C complex contiguous file (or random,, if a contiguous file
C cannot be created). The program assumnes the input file
C is a reduced picture in the upper left or lower right hand
C quadrants. It is normally used in the sequence
C >REDUCE NOKIRALIZE DIR~ CILTIFLY INVERSE <-
C
C Execution Line Format:
C INF4ALI ZE [/U3 or L] inf ile outf ile

* ~C One of the switches must be selected for use as an
C automatic program,, as in a macro file; a U indicates

,4

C to normalize the upr left-hand quadrant; an L
C indicates that the lower right-hand quadrant is to
C be normalized. Pixel values outside of the selected
C quadrant will be set to zero.
C
C Load Line Format:
C - NORALIZE IOIf TIMER UNiPACK FLIB@
C

REAL 1()R4(120r30) ,ENERY(l20,30)
I120 ER ARmaY(256) rINFILE(7) ocsFILE(7) ha(32r42)
IE o he sqUar 1 WtUNnoE e p(2)Au(512) F rn(7)
nfGlt VGRIDtHGRIDGF4BLK

O2KHre teM(1024) CZE
a, WGICAL TE1!
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ISTAT0
IbSlyP-1

C
C
C**** I/O FIL MANAGEME'
C.

CALL IOF (2 ,MAIN, nDFILE,O(71FILE, flM,IS,I24I3,I4)
CALL DFILJW(-TEIP, IER)
IF(IER.NE.1.AND.IER.1NE.l3)TYPETD4P DFILW error:u,,IER
CALL CFIIN(-TEIP ,2 ,IER)
IF(IER.NE.1)TYPEOTWI CILW error:OIER
IER-71
JER-1
CalL OPEN (2 OUIYILE,2 2, IER)
IF(IER.EQ.l)GO TO 55
TYPEAttempting to create a contiguous file."
IF (IER.EQ.13) CALL CF'ILW((XTFIIEj,3 ,1024,JER)
IF(JR.N.4)TYPESuccessfu11y created a contiguous file."
IF(JER.EQ.41)TYPEwJMust create a randomn file instead."
IF (JER. EQ.41) CALL CFILW(OUTFILE, 2 JER)
IF (JER.NE. 1) TYP"wTFILE CFIL1W error:", IER
IF(IER.EQ.13)CAIL OPEN (2 oOJTFILE,3 , IER)
IF(IER.N.)TYECE3TFILE OPEN ERI()R:*,IER

55 CALL OPEN (0 , INFILE ,1 , IER)
IF (IER.NE.1)TYPE"INILE OPEN error:", IER STOP
CAL OPEN (,'TE4P- ,2,,IER)
IF(IER.E.1)TYPEOTEIP OPEN error:",IER

C
C
C*** ]DETERMIE SWiITCHES AND SET VARIABLES
C

IF(MS(l) .EQ.16)GD 7O 500 ;switch was L
IF (4S (2) .EQ.2048)GW TO 1 ;switch was U

*G 0TO 556
5555 TYPE"Inp±t errorl<7> 0< input <1210,8<15>0
556 ACCEPTIEnter horizontal # of grid rectangles

$(1-120): ",HNUNDFG
r-HNEVF;. LT. 1.OR.HNMI3F.Gr. 120

IF(TEI')GQ) 70 5555
IIK)D4I)D(120 ,IRDFG)
IF(IMM.NE.0)TYPEOTry again. Input must

$divide evenly into 120."
IF(IIK)W.NE.0)G) TO 556

558 ACXZPTEnter vertical # of grid rectangles
$ (1-30) : a VM.UVFG

IH0LDNW(30 ,VNMVFG)
TEST-VN.3EFG.LT. 1.OR.VNUK)FG.Gr. 30
IF(TEST)TYPVOut of rangel<7><15>0
IF(TEI')GO TO 558
IF (113)WJ E.) TYPE "Try again. Input must divide

$evenly into 30."
IF(IHOVW.IE.0)Q TO 558
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500 TYELower right quadrant option on."
1M1n32

TOJUNI'in512
AR'T-1=28

GO TO 2
1 TMOUpper left quadrant option on."

IilUMFG-4
VNII FG=6

3 IIRXJ=1

JNIN-512

KSI!ART-N
C
C
C*** CREATE 7fli NOR4ALIZED FILE
C

2 IMX=IMIN+31 ;limits on infile RDBLK (lower)
JNAXJMIN+511 ;limits on outfile zeroed blocks

TYM<5>' Creating the normrlized file."
CINECIOUNI'=0 ;workfile WMLK counter

CZERO4CPLX (0 .0 ,0.0)
10 DO 10 J=111024

DO 20 J=JMINJMAX,16 ;zero, appropriate outfile rows
CalL WRBL(2JCN0R~l6IER)

20 IF(IER.NE.)TYPEOCCIR zero WIMLK error:,IER
IF(IM.EO.32)GO 'TO 200 ;switch was L

C
C NOIIFRALIZE UPPER QIRWI W
C
C Create the unpacked vorkfile and deterine the
C energy content of it. Work on 4 picture rows per loop.

HI~rflI'120/HIUFG ;width of rectangle
BPERRID3-30/VNUNVFG ;RDBLKS per grid
TLENG7IH-23.0 ;length of reduced tmplate

* 'IWflIDH-47.0 ;width '

VUWMIII4 .0*FLOAT (BPEIRUD) ;4 rows/block
TAREAWILNGTH*1'WMT ;template area
GAREAi.FUcM(H5WIDTH) *VUMMGfl ;rectangle area
AREAFACIVRTAEWGAREA
DO 19 K-l,30 linitialize energy terge
DO 19 J-1l,120

19 flNEGY (J, K)-0.0.
C
C Determine energy in 30 blocks (120 rows)
C

nAL=C-1M114-l ; set NEUL counter
Do 40 VGIDl VU FG ;do 5 rows of grids
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DO 39 GRDBulK1BEIGM ;of 6 blocks each
IMWLM-INBWCK+1 ;RrSL counter
CaLL MMZL(0,fIWCKARMhY,1,IER)
KK-IMIN
DO 25 11-1,4 ;do 4 video rows

DO 21 J=1,2 ;set first 8 columns
KK-KK+l ;to zero
HOW (J,IIIR~w)uO ; (noise terms)

21 wiirINUE
DO 23 J-3,32 ;arrange non-zero portion
KK-KK+l ;of Picture for processing
IQJ (J,II, IRCW) =ARRAY (KR)

.523 COINUE
KK=KK+32

25 WONTINE

C CALL UNPACK (128 rROW (l,1, IRaq) ,uNpAcKED)

C Determine energy in 4 rows
C

MINCXL=-9
MO 30 HfIDn=1,HmocG ;do 5 colums of grids,

MO 28 ICLmINcL,,MAxcoL
DO 26 MO-0,3 ;do 4 rowis
KNEIGY (HERIDVGRID) =E2WEIY (HMRIVGID) +

$ (FLDAT(UN*JaD(aL+JRCWq*128)+l) )**2
26 COMNUE'fp
28 CONTINUE

NDKI-L4XCOL+1
30 CONTINUE

MAL WRBLK(1#,CE=UWoUIACRED,2,,IER)

CNECI)U1'DI-w r2 MWML counter
39 (flNTIUE ;do next block of grids
40 ONTINUE ;do next grid rowv

C IF(HNEVFG.GT.5)wD TO 666
300 WRITE (12,3000) nQUX (1)C 300FOM~ALT( ENMGILS OF' ,S13,///)

C DO 100 V(RIIl,VNUWDFG
7.C WRITE (12,2000) v~ID, (ENE~y (IHiRIDVGpID) HGaRID=l ,HNLMMFC 2000 FONMAT(O GRID RCW",I12,5(l0X,FPl2.2),1/)

C 100 COlNTINUE
C
C Determine the normlization factors
C

666 DO 50 VGRfDl,vNWVFG ;vertical
DO 45 I(R1D4 ,IUUVrFG ;horizontal
IP (EEJY (HGRIDVGRID) .LE. 1.0) ENERGY (IERIDVGID) 4.0
NO4 (HMM , VMRM) -SQff (ENERGY (HERID,VGRID) *AEFACTR)

45 CONTrINUE
50 CNIU

C
C Normalize arxd create the output file
C
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INBLOCK2 ;RIHLK counter

DO 60 QMZL-1 ,DERRID
flELOQ-INLRMK+2
aLL FMZ(lDBL~c(UNPACKE,2fIER)

MflKXL-9 ;starting colwmn

DO 58 HI -ljl HNUMDF ;do portion of 5 grid blocks
2'IZOL INlICL+IHff71'-l ;width=24

DO 56 NOOLPMINCDL,MAXX)L ;do width of 1
;grid block

DO 54 JROW0 r3
CUTrPrYI'FLAT (UNPAKD (ICNr+JR0W*128) +1)

$ /NR4(3RIDVQUD)
aCPDM(jML+.JRO*256) =4PLX (CwrPMir, .0)

54 CNIU

MINODLMXCL+l
58 (flt1INU

CALL WRELK(2 ,w1XflUN~rQNRM, 16,IER)
IP (IER.E.)TY1E2WMLK #.,'1WOUNr," error:",IER

60 CNIU
70 ONtTINUE

DO 80 J-lrl024

80 CONTIUE CNDF4 (J) =ZERO

DO 90 J=1,2 ;zero out noise rows
CALL WRBLK (2,7 OUN1jCN0HI,16, IER)
IF(IER.E.)TYE2WMLK #-,7W0OOJ," error:*1 IER
TWOOUNr--7P'WXXUN1'+16

90 O NU

C

200 DO 240 I-fl4IN,,IM ;read non-zero portion of infile
0"L FMX(0jIARPAY,1,IER)
IF(IER.NE.1)TY0RMBLK #NI," error:"IER

C
*C Set nonzero portion of ARRAY equal to RO

C
KK=IMIN
Do 225 I1-1,4

DO 223 J=1,32
KK-KK+1

223 1R)J(JIIIRG$) -ARAY (KK)
225 IUC=KK+32

.4- C

CALL UNPACK(128 ,CW(l1 pIRC) UNP~AKE)
-- DO 230 J-1#,512 Idetermine energy in 4 rows

CAL WRBLK(1 N0ONoNPCEF~IR
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IF(IER.E.)TYJERBLK *,c1OIBX2UNF," error:wIER.
240 CEOfUNICEUINL'+2

C
TENMW~=SQMr(SJMQ) ;the normal izing factor

C
C
C
C *Normlize the significant pixels of INFILE ********

C
DO 270 1=0,62,2
KK4.9PART ; starting clum of nonzero outf ile

MAL LK(,IUNPhCKEDr2,,IER)

DO 260 K=l,4 ;noriualize infile
DO 250 J=1,128
KK-KK+1
ICNT=IC~lr+l

OI!PrI'-NPACKED (ICNT) /VENIfGY
250 COR(KK) -4CPLX (OXi'1F, 0.0)
260 KJC=KK+128

Ca" WEBLK (2 ,ZOOOUNr, CNRj,l16 ,IER)
IF(IER.NI.1)TYPE2WRBLK #"?WJWUNI', error:,IER

270 ZXXUN'='I1OwUNI~l6
C
C

C
555 CALL TIMR(ISTOP) ;stop timier

WRITE (10 F000)W1'TFILE (1)
1000 FONAA(O The normalized file is in -> njS13)

CALRESET
CaLL DFILW ( TEIAPH IER.)
IF(ER.MI.l)TYPETE2P DFILW error:,IER.
STOP

C
C********** Program NO)RMAIZE*******************
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C
* .C Program alNJLY Written by Lt. Jim Cromer
-C Fortran 5

C
C is program perforn. a point-by-point ccaulex multi-
C plication between INFILE1 and ODNJG(InFIL). he input
C files mi~st be 256x256 point cunpiex arrays; the output
C file is a 256x256 point cxznplex array.
C
C Execution Line Format:
C OIJLY infilel infile2 outfile
C
C Load Line Format:
C R"L~ CKIUTLY I0P @FLIBQ
C

IN1'GER FILE (7) ,INFILE1 (7) rINFILE2 (7) ,NkIN (7)
COMPLEX MAl (2048) ,142 (2048) ,MA3 (2048)
CX)OMON FILE, INFILEl , IFILE2 ,M1AIN

C
C**** I/0 FILE MANAGEMI!
C

* Calll IOF(3,I,INE1,IILEFIL,,I2,I3,I4)
WRITE (10,1999) INFILEl (1) 1 INFILE2 (1) ,FILE (1)

1999 FOPARW(* 1=",S13, IN2-*,S13," WP=-,S13)
CALL OPEN (I FILE,2 ,IER)
IF(IER.EQ.1)00 TO 55
CALL CFILW(ILE,3,1024,1ER)
IF(IER.EO.41)CRLL CFIIM(FILEo,2,IER)
IF(IERJNE.1)TYPENWILE CFILW error #UO,IER
CALL OPEN (1,FILEo,2,oIER)
IF(IERaNE.1)TYPEW1!ILE OPEN~ error 1,IER

55 CALL OPEN(2sINFILE1o,2,IER)
IF(IERJE.)TYPEINFILE1 OPEN~ error #*',IER
CALL OPEN (3 ,InaMM2 JER)

IF(IRI.1)TYPE0NFILE2 OM~ error #,IER

C******** Perform point-by- point multiplication
C

DO 30 1-0,992,32 ;process 1024 blocks
CALL MLK(2,IMA2,32oIER) ;read 8 cxxiplex rowrs
IF (IER.NE. 1) TYPE U2RZ Vo, error:,IER
CALL MLK(3IMA3r32,IER)
IF (IER.W. 1) TYPE 3FBLK *in,IFin error:*,IER
Do 20 K-l#2048

MAI (K) 42 (K) *(XOJG (MA3 (K))
20 (flTIMU

CALL WRBLK(1,IoMA1,32,IER)
IF(IER.NE.1)TYPEsWRBLK1 *0,," error:,jIER

30 (flOrNEI
WRITE(10,40) FILE(1)

40 FQRMT(w O,813,n created by CMUlWIRLY)

C****** Program CMUILRY
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C
C Program CPOI Written by Lt. Jim Cromner
C Fortran 5
C,.
C This program converts a 256x256 coplex file into a
C 256x256 integer file. The real part only of the complex
C file is saved; the ima~ginary part is assumed to be zero.
C The maximm value and its position are written to first
C 3 words of block 255. [Values greater then 2 are set
C to 1. All other values are divided by two.].
C
C Execution Line Format:
C CTOI complex infile integer outfile,
C
C Load Line Format:
C FM CiOI 101' TIMMR @FLIB@
C

INT'EGER MA~IN(7 ,INFILE(7) ,CUTPILE(7) jNE( '
INTBGER aMMMMl'XE( 4096) ,CDLUMflIUBERR(C. NEBER
OMPLEX INOOKlM E(4096)

C
C**** I/O FILE MANAGEME2I ******************

CAL IOF (2 ,M&N,INFILEC(TWILE, IDUMMS, ISlIS2, 1S3)
CALL TIMER (0) ;start timer
CALL OPEN (0,INILElIER)
IF (IER. NE.) TYPE "IFILE OPEN error #*,IER
CALL OPEN (1 oOUTFILEt 3 ,IER)
IF(IER.EQ.1)00 TO I
CALL CFILW(W1TFILE 3,256 ,IER)
IF (IER.EQ.1)TYPECreated a contigous output file."
IF(IER.EQ.41)CALL CFIIkJ(0UTFILE,2,IER)
IF(IER.NE.1)TYPEW1UFILE CFILW error #",,IER
CALL OPEN (1 ,WUFfILE,3 , ER)
IF(IER.NE.1)TYPEOcUTFILE error #P,IER

C

C
1 IMAX=0

DO 20 J-0,960F64
* CALL MLK(0,,IN(JJMH 1EX,64,IER)
* IF(IER.NE.l)TYPE"nODf4HLEX RDBLK #-,J," error:,IER

DO 10 K114096
AREAL-REAL (INCWMH 1EX(K) )/2.0
wrn1TBR(K) -INI(AREAL*32767 .0)
IF (AREALOGE.1l .OTIND3E(K) =327 67

CLLUffUMBERumK-(nT( (1-1)/256), 56)
1OfNiL3ER-INT ( (K-1) /256) +l4+J/4

Av. IMAX=0UTINTKGER(K)
* ... -10 OD)tAN

17 CALL HMBLK (1,r (J/4) ,arrmrKHER, 16IER)
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IF (INE. 1) TYPEOUTNr!BE WRELK #,
- -$(J/2)," error #*,IER

-20 CONTIDW
O TI'INI79.E(l) =IMAX

WrD11TEER( 2) CILUO&34MBER.
WrnIPIXE (3) =FCLHBER

IP(IER.ME.1)TYFEIA WrK error:,IER
* *CALL TIMR(1) ;stop timer

TYPE The uaxinm integer value is:,IMX
TMU @ RaNiUMB zR.,MNEEER.
TMO @ COLEN =,WLOLUMNNrIBER
RMA=(FLOT(IMAX))/32767.0
rjIMJW IMAX/32767 =,1f4AX
WRITE (10,1000O) nINFL (1) FOU.TFILE (1)

1000 FOMM!A(w The comnplex file w,S8,IR has been
$converted to the integer file "FS8)

CALL RESET

C
C***** Program CI *********************
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C
C Program IMULIFLY Written by Lt. Jim Cromner
C

A.'C 'This program calculates the point-by-point geanetric
C mean between IN4FILEl and INFILE2; the product is output
C to WUI'ILE. All files mrust be 256x256 integer files.

C Execution Line Formt:
C IM]LTIH.Y infilel infile2 outfile
C
C Load Line Format:
C RLDR IMI'IIFILY IOF @FLIB@
C

InUBGME MAIN(7) r INFILEl (7) F INFILE2 (7) rWTFILE (7)
INEBGER GS (2) rLSl (2) ,1S2 (2) ,1S3 (2)
INI'EGER FACITORl (8192) ,FACrCR2 (8192) PROUJCr (8192)

C
C**** 1/O FILE MANGEMEN1'
C

CALL lOP (3 MINIFILM,INFILE2 ,CUTFILEGSLSl ,LS2 ,tS3)
JEl
KER;-l
CALL OPEN (IINFILE1 ,2,IER)
IF (IER.NE.1)STOP" INFILEl OPEN ER1UW
CALL OPEN (2 FINFIL22FIER)
IF(IER.NE.1)STOPwINFILE2 OPEN m

-is C
C First check to see if the file exists; if it

73C doesn'tF try to create a contiguous file.
C

CAL OPEN (3 rWTILE,2 FIER)
LER--IER
IF (IER.EQ.13) CALL CFILW(OUTFILE ,3F256 ,JER)
IF (JER,.NE. 1)Q CAL (ILW(OUT1FILE, 2 KER)
IF (KER.NE.l) S1OP'WI'ILE C7ILW ERIRR
IF (KER.EQ.1 .OR.JER.EQ.1) IER-1
IF (IER. NE. 1) ST)P 3CUTFILE OPEN ERRORR
IF (LER.E.1) CALL OPEN(3F,(XTFILEF2,IER)
IF (IER. NE.1) STOPOWI'FILE OPEN ER1RR

C******* Perform point-by--point multiplication
C
C

DO 20 1=0,224,32
CalL FMLK(1,, 1FACrORl 32.TER)

IF (IER. NE.1) TYPE M2BLK t~"error:,FIER,

M~ 10 J-1 r8192
AirLDoSM~ ( (FLOAT(FAC1Od (J) )*FTiDT(FAMM~Q (J)))
PRMXr (J) -nIM (AHOE+0. .5)

* . 10 Q)ClNM
CALL WLK(3tIrPRJCr32IER)
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IF (IER.E. 1) TYPE W # .If* eri~or:",IER
TYPE" DA* TA CR~UNCH ***<11><11>*** DATA CRUNCIi *U

20 OON~TNEE
C
C*** write message to the CR~T terminal*****

WRITE(10,1000)WI'PILE (1)
1000 FONWA~(///,vduhe integer product file is named - S3/

CALL RESET

C
C******** Program IMIPLIHY
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APPENDIX F:

PROCESS EVALUATION

This appendix contains the following programs:

1. ITOC

2. PEAK (FL)

- - 3. CTOV

4. DISTANCE (EUCLID)
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.7 ' . .. . . . . . . . . . .

C
-C Program ITOC Written by Lt. Jim Craner

C Fortran 5
C.
C This program converts a 256x256 integer file into
C a 256x256 complex file.
C
C Execution Line Format:
C ITOC/[AErHFNp or 0] integerfile[/C and or TI cxxnplex[/MJ
C Global switches -> A: convert all values >0
C E: convert values >80% of the maxiumn
C ;values not con- H: convert values >A/2 maxiumu
C ;verted will be N: convert values >90% naimim
C ;set to zero 0: accept other conversion value
C
C Inputf ile witch -> C: "crunch' 256x256 data into 256x128
C array for use with PLTI1MN contour
C T: set output values equal to input
C value minus the threshold
C
C Ctputfile switch -> M: insert maximum value into 3rd
C colun of every 4th row
C
C Load Line Format:
C MMI ITOC ICF TIMMR @FLIB@
C

INI'EME ININTBME(4096) ,WOLtMjRCW3
REAL flNREAL
COMME~ O(7I'WM.E (4096)

C
C**** 1/0 FILE MANAGEMENT'
C

CALL IOP(2 ,MA.IN, nFIEILE LE, PIDlUMIMISl , S2 , 1S3)
PECEN-9999.0
IF(ITEST (MS (1) ,5) .BQ.1)PEF4IET-0.0 ;switch was A
IF(ITEST(4S (1) ,1l) .EQ.l)PERET=0.8O ;switch was E
IF(ITEST(M(l),).EQ.)PER11'=0.50 ;switch was H
IF(IT~T(MS(),2).E.)ERE1'0.90 ;switch was N

2 IF (ITEST (MS (1) ,l) .BQ.1)ACCEPT8 Enter the
$threshold percent (0.0 -. 99): OPEN1!

IF (PECN.LT. 0.0.OR. PECET.GI'.l.0) CX TO 2
IF (PERENT. EQ.-9999 .0) STOPBAD GIDMBL SWICHO
CALL TIMER(0) ;start timer
CGL OPEN(0,INFILElIER)
IF(IER.NE.1)TYPEONFILE OPEN error PIER
a"L OPEN (1 ,CKJTFILE,3 ,IER)
IF(IER.EQ,1)GO TO 1
CALL CFILW(OUTYILE,3 ,1024, IER)
IF (IER. .1) TYPE"Created a contiguous output file.0
IF(IER.EQ.41)CALL a'IW(On'FILE.2,,IER)
IF(IME~d.)TYPEwaMILE CILM error VIE
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MIl OPEN (1,WMIILE r3 , IER)
IF(IER.NE.1)TYEVWHIE error #",IER

- C
~ WWEV IYI'GER WORD TO CDMPLEX

C
1 CALL RILK(0255IINn4TBER,,IER)

IF(IER.NE.1)TYPE'IMA RDBLK ERRO: ,IER
INAX=ININTBGER (1)
COLUMININTBER(2)
RO-INTB3ER( 3)

JFACIOR-2
JELDCK-64

IF(IS (1) .EQ.8192)JFAC1OR=l
IF(ISIl ).EQ.8l92)JBIXCX=32
IF (IS1 (1) BEQ.8192) INCREMENT=256

C
C Create the output file
C

DO 20 J=0,480,32
a"L RMLK(0 1, (J/2) ,INMMTER,16 FIER)
IF(IERdE.1)TYPE-ININTBGM R[)LK V, (J/2), error:",IER
LL-0
KK=0
DO 10 1=1 ,(8*JFACIOR)

DO 5 K=1,256
KK=KK+1
LLr-LL*1
IF(ISl(2)JNE.4096)GD TO 3
INREAL-FLOAT(ININT33ER(KK) -ITHRESH) /32767.0
GO TO 4

3 INREAL=-FLAT (INIMPER.(KK) )/32V767. 0
4 IF (INIIPEXER(KK) .LT. fIIHRESH) 1ENREAL=O .0

aymmimf4 1 (LL) =-34X(InRAL,0.0)
5 ONINE

KK-KK+INCREMM~

C
C Prepare output for PLTnWU row plot
C

IF (1S2(1) .EQ.8.AND. ISl (2) BEQ.4096)OUTCOMPLEX(3)
$-CMPLX(FUAT (IMAX-ITHRESH) 10.0)

OUQM (3) -C4FX (FLT (IAX) ,0.0)
CALL WRDLK (1,. (J*JFACYOR) ,0UIX4M,JBtMCK, IER)

$0 error :N,IER
20 OND
C
C The data will be acunpressed to the front half of the

___C output plane.
C

IF(IS1(1).E.8192)(D TO 35
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DO 23 1-1 3
OUTCOMPLEX(I+1792)uOIPX(.,0.0)

23 -. 23
CALL WWLK(1,480 ,WIUNHX, 32, IER)
IP(IBR.NE.1)TYPE8KMUL (DATA) #480 error:",IER
DO 25 I-1,4096

25 (flWTflUE
DO 30 J-512,960,64

aLL WWAL(l,J,ca~X KM,4LE,64,IER)
IF(IELINE.1)TYPE'wkTBL *,FJl error:wIER.

30 0NTDMuE
GO MI 40

C
C Expanded output only
C
35 DO 38 1-1,3

W'IT4PLEX(I+3840) =C4PLX(0.0,0.0)
38 ODM

CALL WMUL(1,960,W1JTCOHEX,64,,IER)
IF'(IER.NE.1)TYPEOWRBLK (DATA) #960 error: w, IER

C
C Send oixnpletion message to CRT
C

40 CALL TIMER(1) ;stop timer
TY~INX=",IMAX

TYPET SOE Hc", fIIHRESH
TYPE PECEffe 0, PERCENT
T EM -FLOAT (I T RES H) / 32 76 7 .0
TYPE" Normalized threshold-,TEKP
WRITE (10,1000) INFILE (1) IW1TFILE (1)

1000 FORIAT(' The integer file 0,S8," has been
$converted to the ccmplex file *",S8)

CalL RESET

C
C***** Program TIMc
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C
C Program PEAK Written by Lt. Jim Crcmer
C Fortran 5
C
C, This program searches a 256x256 integer file for isolated
C regions of which all values are above a given threshold.
C If the input array is thought of as a 3-dimensional sur-
C face, then these regions will be the "peaks" of the surface.
C The position and value of both local and global peaks is
C determined.
C
C Execution Line Format:
C PEAK
C
C Load Line Format:
C RLUR PEAK Fl @FLIB@
C
C Flag Values:
C PEAK - -- peak closed
C iholds condition 0 - peak unused
C ;of global peaks 1 - peak open
C
C STAMS -> -1 - row peak matched

,7 C ;holds condition 0 - 'mused in current row
C ;of row peaks 1 - row peak unmatched
C
C INSIDE > .7RUE. - previous value
C ;determines if tested > threshold
C ;pointer in .FALSE. - else
C ;interior or exterior
C ;of a row peak
C

REAL ND4ALIZE (10)
1108M INFILE (7) ,wImm (10) ,PtN'MAX (10) ,LEMM (10)
I1PER VALUE (256) ,FTMUSH, ISTART(10) , ISII (10)
INlXE OFOOLU, FVALE, TEK4PRp, PR (10), IAX (10)
INIEMR H ULI(IO) ,PST (10,256) ,PSTART(10,256)
nOM PYLUE(10) ,PDLIN(10) ,STA2US(10) ,PEAK (10)
INTER JMAX(10) ,JMIN(10) ,PANK (10) ,IRANK(0:10)
IGICAL ATEST, INSIDE

C
C******** INITIALIZE VARIABLES **********************************
C

IOPT0
100 DO 200 I-1,10

IRANK(I) -0
RANK (1) 0
PEAK(1) -0
PWALUEN(I)-
PWJ~n(x)

PROW (I) =0
DO 150 J-1,256
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PSTAI (I J) -257
PSTQ(I,J) -0

150 otaro
200 COMM

C
C * * * ** * * SET 1/O PAAMETERS **************************************
C

IF(IOPT.EQ.2)GO TO 250
ACCPIJ'What is the name of the input integer file?
READ (11,1000) INFL (1)

1000 FORMT(S13)
CALL OPEN (0 ,INFILE,2,IER)
IF(IER.N.1)NE.O INFILE OPi ERNOW
CALL BLK (0,255,VALUE,1, IER)
MAXIMN-VALUE (1)
TYPE"Absolute max- oMMAXIM
GO TM 250

210 TYPE"Input error. Percentage must be between 1-100.<7><15>0
250 ACCEPT"Enter integer percentage of absolute maxim=z

$ to be included: ",IRFEI
IF(IPER .LT..OIPERCE1 .G.100)GO TO 210
THRIINT (FLAT (IM }EN) *FLIAT (MAIl4) /100. 0)
TYPEOINTEGER TRRESHCIlD=',MRESH

C

C
C Loop through the scan and matching modules 254 tines
C (test all but first and last rows)
C

DO 600 FO=-2,255 ;test rows 2-255
CALL MBLK(0, (ROW-1) ,VALUE,,IER)
IF(IER.E.1)TYPEORLI8. *,(ROW1) , error-,IER
INSIDB=.FALSE.
NUMPEAKS=0
DO 300 I=l,10

STATUS (I) -0
300 O01MM

C
C******** SCAN RW*
C
C
C This module determines if the scanning pointer is in
C the interior or the exterior of a row peak. Ien a
C row peak is encountered, the peak counter NUMPEAKS is
C increased, and the flag STATUS is set to the unmatched
C condition. The maximun value and corresponding column
C number for each row peak is stored.
C

DO 350 GOLMIN-'2,255
FYTLUE-Fl (VALUE (WOLU-l) ,VALUE ((0LUMN) ,VALUE (CUOL +l))
IF (FVALUE.LT.THRESH.AN).. T. INSIDI)GO 0 350
IF(FVAL.E.THRESH.AND.INSIDE)GO TO 320
IF (FVAL.(Z.THRISH.AND..1()T.INSIDE)GO TO 310
IPFPJLE.ET.THRE3li.AND. INSIDE)GO TO 330
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-- 310 NUIFAKS-NLVGEAKS+1 ;row-peak counter
s''iUS (NRKAKS) -1 ; row peak opened, wmatched
IAX (NMN4JWK) -

IS&CIP(NMPAKS) -256
IbTART (mis)E) -0Lt3U

320 IF(IMAX(!NUKPAKS) .GT.FVALUE)GO TO 350
IMX (NKS) 4VMAE
MAXCOLWOM (NUGS) GOCtUI

GO TO 350
330 INSDE--.PAISE.

350 OwUAZISTOP (NUKEAKS) =(flLUMI-l

C
C

*C If no values above threshold were found in the
C last row tested, then close all open peaks.
C

IF (NI14GEM E. 0) 00 TO 40 0
MO 370 I-1,10

IF(PEAK(I) .1E.1)GO TO 370
PEAK (1) -1

370 OJWI'II (I -FWE

C GO TO 600
C

400 COMM~U
C
C**** ATT'DPT To MA=O
C
C Attempt to match row peaks to open global peaks.
C

MO 500 I-1,10
IF(PEAK(I) .E-l)GO TO 500 ;check all open peaks
PERK ()-1 ;Will be closed unless matched

DO 450 TH4PpAK-l ,NLUUEAKS
IF(S]MUS(T4PPEAK) .E).0)GO TO 450

$ OR. PSTA1RT(1I, (FO-l) ) .TIST(P (TDIPIW)
IF(ATES)GO TO 450 ;did not match
PEAK (1) -1
STAMUS (TDIPEAK) =-l
PSTAW~ (I p W) -MI (PSTAT (I , ROW) , WRT (TDIPPEA)

PSTP I ,~W -e~Xcpsce(IO ,O) ,ISTW(TEIPPMAK)
IF(WVALUE(I) .GE.IMX(TDEK) )GO TO 450
WALUE (I) -IMMX(TDIPPEA)
PROW(I) -ROW

UCLM(I)IWAOLmTDPPEA)

C
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KWS OPEN A NEW GQLBAL PEAK *****************

* C
C Match umnatched row peaks to unused global peaks.
C

DO 550 TffU1EAK-1 ,M.EAKS
IF(STA5=U(TEPPEAK).1~)G TO 550

* DO 510 I-1,10
IF(STN1US(TENPEAK).E.1)G TO 510
IF (PEAK (I) NE.0)GD TO 510

b'I'MUS (TEMPPEAK) -1
PEAK(I)-1
JMIN (I) =RO
JNAX (I) =BO

PSTART (I #,RO) =ISTAIRT (Tfl4PPEAK)
PYALUJE (I) =IMAX (TDIPPEAK)
PEOW(I) =ROW
PWOLN MI 4vYWLUtN (TDUPPEA)
TYPEOPEAK VI, START ROW:",RCW

510 CONINUJE

600 CONTINUE
C
C**** ELIMINATE MJILTIELY ]E~FINED PEAKS
C

DO 650 I=1,9
* IF (PEAK (I) BEQ.0) 00 TO 650

DO 620 J=-I,10
IF (PEAK (J) BEQ.0) GO TO 620
IF(I.EQ.J)GO TO 620
IF(WVALUE(J).NE.PVAUE(I))Q), TO 620
IF(PR0W(J) .NE.RO(I) )GD TO 620
IF(PWIAR4(J) .NE.P0OLIUN(I) )Q) TO 620
TYPE"U*** PEJfLpfY ]DEFINED PEAK FIOWDM *
PEAK(J)=999
JMIN(I) wM(JMIN (I) ,JI4IN(J))
JMAX (I) 3%W (JMAX (I) ,JMAX (J))
JSTAR'aJMIN4(I)
JgIOP-JM(I)
DO 610 1Kf-JSTARIJSTP

PTP(I 1W =MAiX (PTP(IFRO) ,PSTOP (JRO))

620 CONTNUE
650 CONT~INUE

MO 700 11,1l0
IF (PEAK (I) BDQ.999) PALUE (1)-0

*700 ONTINUE
C
C**** SR PEAKS ACODIn TO THIR MAXIMUM VALUES
C

DO 706 K-1 ,10

DO 704 I-1,10
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IF(PEAK(I).EQ.0)GO TO 704
IF (WALUE(I M B.32767) P1ALE(1)-32766
IQXJN1D-0
DO 702 J-1,10

IF(PEAK(J) .EQ.O)GO TO 702
IF(I.BQ.J)GO TO 702

A1TS-PJALUE (I) .EQ..WALU (J)
IF(.N0.ATET)GO TO 702
lOXNI'=LCfUNM+

PVAAJE (J) -WVALUE (J) -IOUN!
702 CO~fNTME
704 COMMINU

IF(LaXJUr.EQ.0)GO TO 708
706 COT1JINE
708 MM N(0)=-32767

DO 720 1-1,10
IF(PEAK(I).EQ.0)GD TO 720
DO 710 J=1,10

IF (PEAK (J) .EQ.O) GO TO 710
IF(PVALUE(J).GE.flRANK(I-1))GO TO 710
IRANK (I) =MX (IRANK (I) ,WVALUE (J))

710 CONINUE
720 OONTDME

DO 800 1-1,10
IF(PEAK(I) .EQ.0)GD TO 800
DO 750 J--1,10wy~ IF(IRANK(J) .EQ.0)G.) TO 750

IF (PVALUE (I) .EQ.IRANK (J) )PAM(I) mJ
750 001VINUE
800 CONDTME

C**** COMPE W1U7I' VALUES

810 DO 830 1-1,10
IF (PEAK (I) .EX.999) PEAK (1) -0
IF(PEAK(I) .BQ.0)GD TO 830

HMM IA(I) =INT (WALUE (I) /(0. 01*MXIMUK) +0.5)
NORMALIZE (I) -FLOT(PYALUE (1) )/327 67. 0
LEN=I~ (I) =JM (I) -JMfIN (1) +1
WDTH(I) =0

JSIOPJMAX (I)
DO 820 J-JrARrJ9IUP

820 flN1ImE
830 CONTINUE
850 ICH-10
870 IF (ICH.EO.l2) MITE (12 l1500)
1500 FVD A(///

W1RITE(IC1,2000)

IF (ICH.EQ.12) WITE (12 r4000) IMFILE (1)
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% dRSH X (TREH /26 .

WRITE (IQ, 6000)
WRITE(ICI,7000)
WRITE(ICI,8000)

3000 FONIAT(//s,30XsINTEX;ER FILE EVALIITED -> S13,//)
4000 FIOmA(//,30X,NTB3ER FILE EVALIATH) -> 10>",S13,//l)
5000 FOmAT(40Xo,"THRESHin 1D=,-F5.3,/36X,% OF MAX PEAK:",15,//)
6000 FONWA~(21X, "PEAK %MAX"r 33Xr -W*MIZEDO)
7000 FON4AT(21Xr" # PEAK OO(fLUNN WIDT1H LE1QTH~

8000 FOM4AT (21X - -r - - _

DO 910 1=1,10
DO 900 J"-l,10
IF(RAlK(J) .NE.I)GD TO 900
WRITE(IQI,9000) IIPCN'Th1A(J) ,PROW(J) ,PQXJE3MN(J) ,WIDTIH (J)

ZLaMCM(J) ,iOW4LIZE (J)
9000 FO1MA(15XI9I7I7I8,I7,I7,P12.3)

C 9000 EOr4AW(19X,I5,2X,I5,2X,I5,2X,I6,1X,I6,2X,I5,1X,F11.3)
900 CDNUnUE
910 WMVINUE

WRITE (ICH,2000)
IF(ICH.EQ.12)GO TO 950
ACCEPrEnter a 1 to send~ results to the imeprinter: ",I
IF(I.NE.1)GO TO 950
ICH-12
GO TO 870

950 TYWE'<15>",'What next?*
TYPEO<15>8", Here are the options:<15>1
TYPE" <15>0 11 011>1 - Try a nw input file"
TYPE<15>1"cll>2 - Try another threshold value"
TYPE<15>n",1<11>3 - STOP<15>,

970 ACCEPTOEnter option -> ",IOPT

IF(I.LT.1.OR.I.GT.3)TYPE"<15>",lnput error<7><7>1<15>"
IF(I.LT.1.OR.I.Gr.3)GD TO 970
IF(I.EQ.2)00 TO 100

IF(IEQ.)GOTO 100
TY1PEn<15>w,"*** EXITING PROGRAM PEAK ***<15>U

C~~~*****Program PEAK
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DUB=GE FUNC1TION Fl (IMEK)RE, N TME)

C
C Function Fl
C

C This function is part of the program EAK. In
C PEAK,, a function of N Fl(N) is comnpared to
C a threshold of sane of the maximim value to
C determine if a local peak was foundi.
C

Fl=N
C Other possible functions:
C
C Fl-fIP (FL0T (1 EK)RE+N1FE) /3.0+0.5)
C FI=INT (FL)AT (lIE RE.2*N+NMFPE) /4.0+0.5)
C Fl=Ir(L4T(NEFORE3*N+aNER)/5.0+0 .5)

REN
C
C********* FIuction Fl********************
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C
C Program CI'@t by Lt Jim Cromer
C Fortran 5
C
C This program converts a omplex input file (imaginary part
C assumed zero) into a video output file. The input file is
C linearly scaled to a 0-15 output range. Minimum and
C maximum values to be included are input by the user.
C
C Execution Line Format:
C crw
C
C Load Line Format:
C RLrE CTOY 10RMLK TIMER @FLIB@
C

REAL In0ER
INTEGER IARRAY (1024) ,CINFILE (7) , UTFILE (7)

0HPLEX CaRM (1024)
C
C******** I/O FILE MAN**EMER* * *
C

AC"Pr"Enter name of complex input file:
READ(11,2000)CINFILE(l)

2000 FOl#W (S13)
ACCEPT"Enter name of video output file:
READ (11,2000) VOJTFILE (1)
CALL TINER(0)
CALL DFILW(VWTFILE, IER). ~IF (IER. NE.1.AND. IER.NEl. 13) STOP=DFILW ERROR"
CALL CFIW(RV(1TFILE,2,IER)
IF (IER.M.1) STCOCFILW ERRW =

CALL OPEN (1,CINFILE, 2, IER)
IF(IER.NE.l)STOPRl OP ER '
CALL OPEN (2 ,VMTFILE,2, IER)
IF(IER.I1)STP2 OPEN UR =

C******* Determine maxinun and minimi values *********
C

1F4AX=0.0
RM3IN99999.99
DO 2 K=0,63

CALL RDBLK(I, (K*16) ,CARRRj,16,IER)
IF(IER.NE.1)TYPEl FMBLK #",(K*16)," error:=,IER
DO 1 J=1,1024

A=REAL (CARRAY (J))
RMAX=AMAXl (RNAX,A)RM.-AM l(NW4,A)

IF(MMD((K+) ,4).BD.0)TYPE=BLX( = , (K*16), searched.
- 2 fDNTIN?=

CC******** Determine the linear scale to be used **********
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. . . . . . . .. . .

C
TYPEOaximw MM"w 3 "na-01

ACCEPTEnter maxim=z to be included:",UPPER
ACCEPruEnter minim=u to be included:O,UMER
SCALE,-15 .999/ (UPPER-LLWER)

C.
C********* Create the output f ile ********
C

DO 20 K=O,63
CALL FLK(1, (K*16) ,C1UMAY,16,IER)
IF(IR.NE.1)TYPE"1 RW)LK #0.(K*16)," error:",IER
DO 10 J-lrl024

IARRAY (J) =15
A=REAL (caRM(J))
IF (A. LT. IaM) IARRAY (J) =0
IF (A.GE.LCWERJAND.A.LE.UPPER)

$ l~ARPAY (J) =INT] ( (A-10ME) *SCALE)
10 OX)NTIDtE

C"ALL GeRLK(2jK, IARRAY,1 ,IER)
IF(IER.NE.1)TYE2 WRBLK #",K, 3 error:,FIER

20 ONTIMUE
C
C*********** Send cctpletion message to CRT ****
C

G"L TIMER(l)
WRITE (10 fl0OO) VOUTFILE (1)

1000 FD194Ar(w The video file created is called "OS13)'3- CALL RESET

END
C
C********** Program C]rM ************************
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C

C Program DISTAN( Written by Lt. Jim Crcmer
C Fortran 5 16 Oct 1982
C
C" This program accepts as input a template file window and
C up to 10 local correlation peak positions found by the
C program PEAK. Three distance factors will be calculated
C between the template window and 9 scene windows (the
C center window corresponds to the input correlation peak,
C the other 8 are its nearest neighbors). The score is
C computed as the cube root of the product of the factors.
C If any factor is less than zero (corresponding to the
C measure for a constant gray level input scene) it is
C set to zero. Results are output to the lineprinter.
C
C FACTORS USED:
C L1FACr-100(I-NL1 /NLlM )
C L2FACT=-l00 (l-NL2/)2M )
C CFACT=-00 (NXY-NXYMIN) / (I-YMOIN)
C where NLl is the normalized L1 distance
C NL2 L2
C NXY " U Cross-correlation value
C NLIMAX is the NLI for a constant gray level input
C NL2MAX " "NL2 " " H H

C NXYMIN " NXYU
C
C Execution Line Format:C DISTANCE
C

C Load Line Format:
C ILM DISTANCE TEST' XRDBLK EUCLID @FLIB@
C

C
REAL NUMAL
REAL NLlDISTJLIDISTNSU1QgDIST(10) ,NDIS LI (100)
REAL WDRPEAK(100) ,DISTL1 (10) ,CNYNghiNL2MAXWN2
INTER INFILEl (7) ,INFILE2(7) ,WIITHTB, CMEN(200),

$SB1 ,S[S,TTOP,TBlI ,SB,CFACTOR(l00) ,L2FACT'O(100) ,LlFACTOR(100),
$TLS,EFr SCENE (1024) ,TEP(1024) ,SLEFT(100) ,PCLt (10),
$WLa2IT(100) ,i WEN1(100) ,DIST(10) ,CTOP(100) ,(PR(0) ,SWDRE

LOGICAL R D, LTEST, UJPPRESS
.. lW<CN /LIST1/ SCNE,TEKP,SLS,ILL1DIST,NLiDIST
CWM /LIST2/ LENGH ,WIDTH,IRCKWDUN,SI Q ,NSLiSQ
OOMION /LIST3/ *S.LY ,TLI RGYE M2E Y,TENERSY
COMM /LIST4/ SlNOR4, S2NDM, TINDRMT2NM,,WCRREL
LTEST.fUJE.
NLJJ4AX-0.46 ;normlized Ll distance between the

;template and a constant gray level

___ C
C
C******* I/O FILE MA**GEMENI'*
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C
C

99 ACCF!Erter template f ile name -
READ(11 ,1000) INFILM (1)

1000 FONIA.T(S13)
ACEPT"Enter scene file nan. - >
READ (11 r1000) INFILE2 (1)

CALL OPEN (2 rINFILE2 ,IER)
IP(IER.NE.1)TYPEINFILE2 OM~ ERO #-jIER

C
C
C**** ENTER WIDOW PAPJAMETERS
C
C 7hi~e choice is given to ompare the original 256x256
C pictures,, or the reduced 128x128 versions. Reduced scene

*C files are assumed to occupy the upper left quadrant, teop-
C lates are assumed to occu~y the lower right quadrant.
C

1 ACEPTN<15>Enter a 1 to ,,, are original video,
$<15><1l> or a 2 to ompare reduced video: ,pI

IF(I.LT.l.R.I.GT.2)GO, TO 1
IF (I.EQ.,2) REDUCED.7UE.
IF (LTEST)GO0 TO 5

3 MXCEPT*Enter a 1 to change template window parameters: 0, lO~
IF(IOPIT.NE.1)G0 TO 10

5 ACPTw<15>. Enter top row of original template
$ window (1-256) :,TTOP

ACEPTR Enter left colwu of original template
$ window (1-256):", LEFI'

ACCEPT" Enter width of window (1-256) :",WEY1H
ACCEP Enter length of window (1-256) :,LENG7H
LTESTN .FMSE.

MLEFP-TLEF

1ffaNG7H=LENG'm
GO TO 10

9 TYPE SORRY<7>. Nmiber of peaks can be 1-10 only.'
10 ACCPTnl5>,"Enter # of candidate peaks: 0,NUEKSW

IF(NUKPEAKS.G.10.ORJNU4PEAKS.LT.1) GO TO 9
TOIVPOP
TLETMEFT

DO 20 II-INHPEAKS
TYPE<l5>, 1<l5>, ****** PEMNII, ******

GO TO 15
13 TYPE<5>,FSorry.<7> Peak row must be 1-256.0

15 CEPTN<15>0,Enter peak row nuber: ",HROf(II)
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CIOP (II) u2564IU?-~p2*PROW (II)

GO TO 19
17 TYMO<7>Peak colum mst be 1-256. Try again.*
19 ACCEPT<15>0fEriter peak colum numnber: 0"PWOLtI9(II)

IF(PWLLDI(II) .LT.1 .OR.LrOuEN(II) .GI'.256)G2 TO 17
SLEET (II) =2564InLEE76-2*PwLrM(IR~)
IF (REDUCED)SLPT(II) =128+INW ( LEF+) /2) -OLrEM(II)

IF (RIJU) OCE (II) =COP (II) +INr (LEB'fl/4)
IF (REDUCED) COLCZElf (II) -SLEPT (II) +In~ (WIDIH/4)

20 CItrNRE

IF (REDU=) LEZMG'INTfr] ( (LE=M'l) /2)
IF (RDUCE) WID1'e=INfr ( (WMID~+) /2)
IF (REDUCD) TTV INT( (TIVPt1) /2) +128
IF (REDUCED) Ti Fl-flu ( (TLEFTI'+) /2) +128

ITOPOTl'OP

SJPPRES&=.FALSE.
ACEPTErter a 1 to su~pess window messages: ",12
IF (12EQ.1) UPRESS-.UE.

* TYEExecuting..* qy
C
C This section omxputes the RDBLK and EUCLID search
C window parrmters,, then cctputes the distance measures
C for each of the windows entered.
C

11=10
DO 600 JJ=1 ,I*UUEAS
DO 600 J1,r3 ;DO 9 windows
DO 600 K=1,3 ;ccurpte the window shift

11-11+1

CCEP(II) =O(JJ) -2J)-
C1OP~(II) = 11!(JJ) -2 J

SLEET (I I) =SLEET (JJ) -2+K
TL1EEY-0.0 ;initialize energies

SDlENEY-0 .0
TENEGY-0 .0

C
C The calls to TESTJ check to see if the input parameters are
C legal, and modifies them if necessary:
C 0 <TOP <257, (TOP +LEMMfl) ( 258
C 0 <LEFT<257, (LEPI'+ WMIH) < 258
1C

a"L TE1! (TTOPr4LEF!)
* . ~ ~ ~ La TI3T(CIO(II),S flI)
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C
C Set ZZU and EUCLIDh parameters
C
40 N-Nk-1 ; if NnJ., comptte the energies

; if N-l, compute the distances

T~Iw1NT(FL(MT(TTVP-1)/4.0) ;first template block to be read
SB-INT(FLDT(CTOP(II)-1)/4.0) ;first scene block

C
C User check of window paraneters
C

IF(SUPRSS)X) TO 45
IF(N.EQ.l)GO TO 45

T'IPH* <15>0 1 <ll><ll>** **** WINDOW, (11-10),"****
WRITE (10,F2000) INFIL~l (1)

2000 EOR'IA(//,lOXr'Template file name -> ",IS13)
WRITE (10,F3000) INFILE (1)

3000 FOM 1 rIl0 Scene file name -> "yS13j,/)
TYE <1> qv1xiWDH0WDTF<l E1GHwZT

fls TEMPLATE TOP zRij-±rTOj.±,' SCENEa XLA RD?--"I 1UkW
TYPE" TEMPLATE LEFT] C1LtN="FTLS,"<11> SCENE LEFT! WLTMN
$=",SL~'w15>w

C
C Begin evaluating the energy (or distances)
C

45 ODRREL=0.0 ;initialize distances
NULDIST=0 .0
CAL XRDBLK (1 ITBI TEMI,11 IER)
IF(IMNE.1)TYE1lMLK #0,TB," error:,IER,
aLL XWZ L(2 SB, SEE11IER)

IF(IEM.NE.1)TYPE02MMU~ #OIBI error:wlIER
C
C This module will continue to loop until the
C search windows have been comupleted (i.e. # of
C iteratione. (length of the window)/4)
C

100 CALL EUDT(1,?,N,$500)
110 TBOTB+1

s~nS+1
IF(N..EQ.0)CALL XESK(1,TBfTE4P,,IER)
IF(IER.NE.1)TYP"RDBLK #',mp error:,IER
IF(N2.EQ.0)CALL XRJZLK(2,SBSE,1,IER)
IF(IER.NE.1)TYFE2Ft9L.K #PSB,u error:,IER
CALL EUCLD(N.,N2,N,$500)
IF(N1.BQ.N2)GD TO 110
IF(N1.EQ.0)CALL 2XLK(1,TBT3IP,l,IER)
IF(IER.1U.1)TYPE1NJBLKU *,m error:",IER
IF(N2.Z.O)CALL XRDLK(2S2E,1,IER)
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IF (IE~. N.1) T 2LK #-,,B error:,IER
O TO 100

- C
C Store the distances ocxpted for iteration II (or
C. temorarily store the energies if N-1)
C

500 WF(SEEY.LT.1.O)SENEIY-1.O
IF(TEEY.LT.l.O)TDEEY1.0
IF(S1RUEGY.LJT.1 .O)aSflMER=i.0
IF ('1UDEEKY.LT.1.0)'1L12MY"- .0
S2N.S0Rr (SWEG)
T2N~frSM TEMY)

AREPPFLAT (LEN=I) *LOT (WIH)
IF(N.BQ.1)GO TO 40

-; C
C Compute distance factors

N2MA-=~ (2.0* (1.0-NXZflN))
GORPEA (I I) -RRK (S2 N4*VT2103)
CFACCR (I I) -IN (100. 0* (WRPPEAI (I I) -NYMfIN) /(1. .0-NYMN) +0. 5)

NL2-=R(2.0*(l.0-ODRPEAK(II)))
* L2FAC'1R(II)=INT(100.0*(1.0-L2/NL2MAX)40.5)

IqY IF(L2FACZOR(II) .LE.0)L2FACI'OR(II)-0
L1FACIOR(II) mInU (100.0* (1.0-NDISTL1 (II) /aaiM) 40.5)
IF (L1FACIVOR(II) .LE.0)LlFACEOR(II) -0

C
C Reset the template window paraweters
C

TLEF1WIIEFP

600 COMMIE

C
C******** WRITE RESEWS TO LINEPRINTER
C
C
C User input of comment
C

DO 625 1-1,200
MMMMV(1) -0

625 CONTINUE
ACCEPTErnter a 1 to add cczwnt to the output: ", OPI!
IF(IOPT.NE.1)Q) TO 650
ACXEPT"Eter # of comment lines (zax-4): NNMMfl
IF (NUcOOK. LT. 1) NUIODN1
Ku~cD<9.NN C WCMN,4)
DD 640 1-1 kUI(XK
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TYEnter coumment line #",I,, to be printed with
$results between the arrows:"

TYPE I <ll><l1><11><1l><l1><l1><11><11><11>1

C Write output header
C
650 WRITE(12F9005)

WRITE(12f9000)
WRITE (12,8000)
IP (RIMMED) WRITE (12,7500)
WRITE (12,7000) IaNG'MrTOP; ,TL1ENEMY
WRITE (12 r6000) INFILM (1) ,WITH oT,'nsTENEGY
IF (REHXED) WRITE (12,5500) XNFIE2(1)
IF ( .NVT.REIDUD) WRITE (12,F5000) INFILE (1)
WRITE (12,4600)
WRITE (12,4500)
WRITE(12r4200)
WRITE(12,4100)

C
C Write distance factors
C

:2 .- D 710 iJJ1 ,IiWEAKS
DO 700 KK-1,9

AKACTOR(I I)
D.'L2ACI'OR(II)

SWRPOIff ( (A*B*C) ** (1.0/3 .0) 40 .5)
IF(KK.NE.1)GO TO 698

$SCORE
4000 PONA(14XI2,":,I4,,',,3,5X,I3,,,"I36XI34XpI3p

$7X,13r6XoI3,5XrI3,5X,13oT132ouH
O TO' 700

698 IeIT(12,4050)OfCNr(II) ,GOLCE1!(II) ,CrOP(II) ,SLEFT(II),
$cFAI~(I) L2FAC1VR( II) ,L1FACIOR(II) ,SODRE

4050 FOMA(3X,3,,,r3,6X,13,4X,13,
$7Xj13j6XI3v5XjI3j5XvI3rT32rm a)

700 OONTDP.E
WRITE(12,4051)

4051 FMOT(0 0)
710 WWINTME

C
C Write vm uints to lineprlnter
C

IF(IO~r.NC.1)GO TO 800
DO 790 1-1, UI(XOt

WRITE(12,9500)OflNI4( (50*(I-1)+1))
790 owrNTD
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*800 WRITE(12v9000)
C
C Forat statements
IC
9999 FONIAT(5100)
0500 FONAA(16X,WtMEZW: *,SJ.Oo)
9005 EmuT I/III/I
9000 FONAT(/,1X8(*N)rT132,")
8000 F0rAA(///,37X*RECO=Tlk RESUTS (10>///)
7500 FONA.(15Xw **REXX **'
7000 FOMAT(15X, TEMPATE WInVW:',7Xv0LENM=nI3,0 RaJS',12X,,'TOP

$13,l0XjTI32H n)
6000 FONI4AT(16XN (S13,)8C"1'=I, COLEMtS,9Xj, wLEji L

$13vl0XpT132, U

5500 FQF4AT(//30X,*REDUCED* SCENE FLE -- > ,jS13,T132,- N,//)
5000 F0N4A(//j,35X,SCENE FILE -- > ,rS13,T132,N u,//)
4600 FORMA.T(14X CX)RRELATION WN)
4500 FORWT (14X PM ENER TOP LEFT

$ CORu1'AE L2

4200 F0mAT(14X," (ROwWLrUfq) (IC~iWLEUN) Ran Wctmm
$ FACTOR FACT'OR FACTO)R SCDREO)

4.100 FORMAT(J4X f

TYPE<7>15>(11>**** CHECKC L~INE.INER FOR RESULTrS *****<15>w
IC
C*** Present Option Menu

GO TO 2010

2002 TYPE0<15>,lOnput error.<7> Try again.0
2010 Y 15 *********************

YEn<15>0,%What next?<15>0jHere are the options:n
TIPE"<15>",<ll>1 - Try another set of windows"
TYPE<5>0Fl<11>2 - Start over with new input pictures"
TYPE"<15>0,(11>3 - STOP<15>0
ACCEFT<11>Enter option -> Njc)P
IF (lOfT.LT.1 .OR.IOP'.G'1.3)GO TO 2002
TYPEN<15>0
IF(IOPT.EQ.1)GO TO 3
CALL RESET
IF(IOPTr.EQ.2)GD TO 99

EN~D

IC
C***** Program DISTNCE **********************
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* ~~SUBINThE WQJD=rRr , SSTA1E, N, $)

C
C (Called by DISMCE) byIt Jim Crcmer
C~.

2C If N-1 -- > calculate Li and 12 energies of
C template and scene windows
C Else ->calculate the normalized Li and cross--
C correlation measures between the windows
C
C 1TTRT, SSEAR are the row position within the packed
C video block of the first row of the window. 17iey
C are autcuatically incremented after the first call to
C EUCLID (TSTARTv SSrZir between 0-3 inclusive).
C

REAL NLLDIST,LlDIST, I1.JISQ
IRMER SCEE(1024) rTEP(1024) rS~rL SSV'j~,7TARTrWITH
COMON /LIM~/ SCEFTEIP, SSIaF~DISTNLaDIST
nbuuiN /LIST2/ LENG7HW1Mn, maOWu~rSL1WQ NMSQ

COMMU /LIJr3/ SLmEEEY,LDENERYSENEYTENERY
COMMV /L~sT4/ SI~NI, 2DMT.D~TN~iDI

C
C Set do loop parameters
C

JMINOMW hX rA~RT f 7TA~RT
4 D 2 J-JM,3

K--TSTARir*256+7Wl

KNAX=K+W1171H-1
IF(N.EQ.1)0 O ~~ 3

C
C Calculate the distances
C

DO 1 L'.KDIA
RSC2ENEFAT (SEE (4))

mAFFA~T (TEMP (L))
,NUDISI"4B ( (RSCER/SlNDF4) - aaWr4P/TrlNff4) )+NLIDIST
ctDRREL- (RSEN*RTEP) 4ODRREL

1 CONTMUPE
GO TO 5

C
C Calculate the energies
C

3 DO 4 L-"KM4A
PRSFLOT (SCENE (4))

* 7LlDEERY-=ENalEFY+RrWe
E~iENEIGY-=EM;GIEY+McKZ

A- Tfl r- (RM*2) #1UOM

4 cvWMW~
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* *...C

C Test for the end of the window

5 ptWUNr-IRODU'+l
IF(nCWCJEr..LN)MwIR 4

C
C Increment block row counters
C

1TALR1'-'1STAIRT+l
2 SSMAm'.SAIMP,.

IF (SSTA. EQ. 4) Sb'T--0=
IF ( STAIP. EQ. 4) TSTATO
REMMR

C
C******** Subroutine EUMID *********************
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APPENDIX G:

SUPPORT SUBROUTINES

This appendix contains the following programs:

1. IOF

2. TIMER

3. UNPACK

4. XRDBLK
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SUDMTINE IOF(NMAIN,FlF2,F3,iS,S1,S2,S3)

C
C Written by Lt. Simons 10 Sep 1981
C Version 2
C
C This FOM W 5 subroutine will read frum the file
C 0014.04 (FC1OK424 in the foreground) the program name,
C any global switches, and up to three local file
C names and corresponding local switches.
C
C Calling arguments:
C
C N is the number of local files and switches to be
C read frcm (F)C3K.C. N must be 1, 2, or 3.
C
C MAIN is an ASCII array for the main program file name.
C
C Fl, F2, and F3 are the three ASCII arrays to return
C the local file names.
C
C MS is a two-word integer array that holds any global
C switches.
C
C S1, S2, and S3 are two-word integer arrays that
C hold the local switches corresponding to Fl through
C F3 respectively.
C

C
C Dimension the arrays.
C~DI1MnION MAIN (7) ,MS (2)

INTER Fl (7) ,F2 (7) ,F3 (7) ,S1 (2) ,S2 (2) ,S3 (2)
C
C Check the bounds on N.
C

IF(N.LT.1.C.N.Gr.3)STOP ON out of bounds in ]F.0
C
C Process the data in (F)CQ).CM
C

CALL GJND(I) ;Find out which ground program is in
IF(I.BQ.O)OPEN O,OOOM.MOI ;Open ch. 0 to 00Y.QI
IF(I.BQ.)OEN 0,F"OI.C[4" ;Open ch. 0 to FMM.C1
CMLL MM(0rMINrNSrIER) Read frao (F)C0O.CIF (IERoNE.1) TYRO" (CMARG error:",IER
WRITE(10,1) MAN(l) ;Type program name

1 FOMAT(' Program ',S13,'running.')
CALL (MTARG(0,F,Sl,JJER) Read from (F)3M°h.C
IF(JR.M.1)TYPEO (OMW error (Fl):",JER
IF(N.BD.I)GD M 2 ;Test N
CALL M(A(0,,F2S2,KER) PRead from (F)CO3.ot
IF(i .M.)TYPEO KMAM error (F2)t:,E
IF(N.BD.2)GO TO 2 ITest N
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2 AL OWR(j~ jerro ;Read f rom (F)OJK.C04
IF(AR.E.1TYPO OMAR eror(F3) :",LER

RETURN

C.
C********* Subroutine lOP
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SUBROUTINE TIMER(I)

- C
C Subroutine TIMER Written by Lt. Jim Crcmer
C Fortran 5
C'
C This subroutine is used to tire the real-tire execution
C time of the calling program. If the parameter passed, I,
C is equal to 0, the timer is unconditionally started.
C If I is not equal to 0, the timer is unconditionally
C stopped, and the total run tine is typed on the console
C CR.
C
C Execution Line Format
C CALL TIMER(I) ;IF(I.EQ.0), start timing
C ;IF(I.NE.0), stop timing
C

amm /ITIm/ IHl , IMI ,IS1
IF(I.N.0)G0 TO 100
CALL FUTIM (IH,I M,IS) ;get starting time
WRITE(10,l000) IH1,IM1,IS1

1000 FO4MAT(//" START TIME ->"r14F":",I3p":,I3)

100 CALL FGTIME(IH2,IM2,IS2) ;get stopping time
WRITE (10,2000) IH2,1M2, IS2

2000 FOR4AT(//" STCP TIM -- >u,I4,:u,I3,":,I3)
ITOIAL-3600* (IH2-IHl) +60* (IM2-IMl) +IS2-ISl
HOEMS-INT (ITOTA/3600)
R (r1VMAL-3600*HOURS) ;intermediate variable

MINS=INT (Tc/60)
ISECS-WD (TRQI, 60)
RITE (10,3000) HIORSMINS, ISCS

3000 PUOrAT(// TOAL TIM ->",I4,":",I3,":,I3)
RURM

C
C************** Subroutine TIMER *

i 151



.m . . . . -. -. .. .
~~~. . . . . .. ............ .. .. ....... o° °,%. - .. .....

C
C Unpacking (packing) routines
C Written by Lt. Sinmons Version 2
C Documented by Lt. Cromer

.-. C
C Th~ese subroutines unpack (repack) four 4-bit integers fraxn a
C 16-bit integer word. The pixels in a video file have to
C be unpacked if each pixel is to be operated on separately.
C
C Packed video (4 pixels/l word):
C
C WOIR(N+1) lPIXEL 11PIXE[ 21PIX 31PIXEL 41
C
C
C Unpacked video (4 pixels/4 words):
C
C WOIR)(X ) I <- unused-> IPIXELiI"!" C
C:: -C

C WIO (X+I) I <- unused -> IPIXEL 21
c
C 

7:C WORD (X+2) [ <- unused -> lPIXL 3[
"'" C

C WORD(X+3) I <- unused -> IPIXEL 41c
C
C where N=X od 4
C

SUBROUTINE UNPACK (N, PIXWOF,PIXELS)
INMER PIX )RD(N) ,PIXE[S(4,N) ;Four pixels per word
DO 1 I=I,N ; 'N' allows higher-order
DO 1 J=l,4 ;arrays to be passed.
PIXEIS((5-J) ,I)=I5.AND.PrXmD(I) ;Pick off right pixel

1 PIXOFR(I)=ISHFT (PIXflRG(I) ,-4) ;Shift word 4 bits right
RETURN ;to pick off next pixel.

C
SUBROUTINE REPACK (N, PIXELS, PGD)
INTEGER PIXELS(4,N) ,PAD(N)
DO 1 J-1,N
BOAD (J) -0

DO 1 I-l,4
P D(J) =ISHT (PXWD(J) ,4)

1 PXWD(J)=PIXELS(IJ)+PXhG)D(J)
RETURN

C
* C************ Packing Subroutines *******
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SUBROUTINE XRI& (CH,J, FILE, I, IER)

C1by Lt. Jim Craner

C Subroutine XUDBLK perform a RDBLK to the designated
C. channel, reads a packed video file block, and
C returns an unpacked array.
C

INTXER CHIFILE (1024) ,VIDEO(256)
K=256*I
IF(J.GE.0.AND.J.IZ.63)GO TO 1
TYPE'ERROR: <7>BL POINTER OUT OF BOUNDS IN XRLK

J=u,J
STOP

1 IF(I.EQ.)IG TO 2
TYPEEROR IN <7>XRDBLK
TYPE" # Blocks to be read =",I
STOP

2 GL MLK (CHI, J, VIDEO,I, IER)
DO 3 L=1,K
DO 3 M=,4

I(X)UNI'5-M+ (L-1) *4
FILE (IOaUNr) =15.AND.VIDEO (L)
VIDEO (L) =ISH?1 (VIDEO (L) ,-4)

3 CONTINXE
'.VRN

C********* Subroutine XRDBL *
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APPENDIX H: PRELIMINARY RESULTS

Template and Tank wnofs t SloREll normalized 1

Template Scene High Low Average

PEP4PTANKB2 41 0 25

TEP4PTANKG4 0 0_ 0

Average 36 0 16

Template and Tank windows both grid normalized (9x5 grid used)

Template Tank High Low Average

XORMD4 NORME2 65 40 52

itNORMC3 69 43 58

ffNOR'D2 64 43 54

itNORME2 67 45 57

NORMG4 42 16 29

NOI3 79 24 43

Average 64 35 49
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Summary of Scene SCOREs

Template and Scene windows both globally normalized

Template Scene High Low Average

PTEMPH3 PSCENE13 16 14 15

PTEMPH3 PSCENE04 24 18 21

RPTE1PH3 RPSCENE04 20 10 15

RPT~eMH3 RPSCENEL1 19 14 16

*.Average 19 14 17

Template and Scene windows both grid normalized (9x5)

Template Scene High LOW Average

NORMD4 WHITE 0 0 0

NORMD4 NORM7 15 -2 8

I. ---.------ -----___------
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